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ABSTRACT 


The present study examined some relationships between intel- 
ligence, modality matching, and types of information processing 
in Grade 4 boys. The primary purpose of the investigation was 
to answer two questions, The first of these dealt with the types 
of information processing that are characteristic of different 
intelligence groups, and the second question related these types 
of information processing to modality matching tasks. 

A set of tests representing Luria's simultaneous and succes- 
Sive syntheses, and a further set of specially-designed modality 
matching tests was given to all participating subjects. The 
results were analyzed by multivariate analysis of variance and 
factor analytic techniques to reveal both the levels of per- 
formance and types of information processing that were character- 
istic of the groups. 

It was found that simultaneous and successive syntheses are 
relatively invariant types of information processing across a 
large part of the standardized range of intelligence. Simulta- 
neous synthesis tended to be slightly more stable than successive 
synthesis. It was also found that the levels of performance of 
the intelligence groups differed markedly in modality matching 
tests, dependent upon the modalities involved. These differences 
were attributed to the interactions between the types of informa- 
tion processing chosen by the groups and the demands of each of 
the tasks. A model of information representation was proposed to 
account for these results. 
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The major implication of the study is that future research 
on human intelligence should explore the cognitive processes 
leading to performance measures on cognitive tests, in order to 


assess the efficacy of these processes for school related tasks. 
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CHAPTER I 


INTRODUCTION 


Of the many areas of inquiry that are currently in evidence in 
psychology, few areas have a more lengthy and active history than 
the study of human intelligence. As a topic of research which 
increased strongly in activity around the turn of the century, the 
question of the nature of man's mental abilities has established 
itself since as an enduring issue in psychology. Research on 
intelligence has been continued throughout the course of several 
major movements in the history of psychology (Hebb, 1960), most 
notably the brisk increase of interest in Behaviorism (e.g., Watson, 
1913, 1920, 1930) and the recent upsurge of cognitive psychology 
(Moroz, 1972). 

In the course of the development of current conceptions of human 
intelligence, there has been some disagreement on the usefulness and 
informative value of the type of research that has been conducted. It 
appears from the recent literature that criticisms of studies of 
intelligence are now becoming more explicit in terms of identifying past 
inadequacies and future goals for research. Statements by Quinn McNemar 
(1964), for instance, in his presidential address to the American 
Psychological Association, are examples of these criticisms. McNemar 
notes that theory and research in the past has concentrated on two types 
of inquiry aimed at explaining individual differences in intelligence. 
The first variety is the study of the structure of intellect and has 


generally taken the form of the intercorrelation of tests to form 
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taxonomies of abilities. The second type is the study of the nontest 
correlates of test performance. Both of these techniques have generated 
a formidable collection of research results, but neither technique has 
been successful in its efforts to explain individual differences in 
cognitive abilities. This fact has its basis in a single shortcoming 

of the past endeavors: 

; . these studies of individual differences never come 

to grips with the process or operation by which a given 

organism achieves an intellectual response. Indeed, it 

is difficult to see how the available individual 

difference data can be used even as a starting point 

for generating a theory as to the process nature of general 

intelligence or any other specified ability (McNemar, 

1964, p. 881). 

McNemar's call for an emphasis on the process nature of cognitive 
functioning has been echoed increasingly by other psychologists (e.g., 
Bouchard, 1968; Ferguson, 1965; Green, 1966). In the last several years 
some directions have begun to appear which reflect an orientation toward 
process models of cognition and intelligence. 

One of the most significant contributions in establishing future 
directions for research has been made by Messick (1972, cf. 1973). 

The perspective adopted by Messick is theoretically very broad, and 
multivariate in methodology. Messick emphasizes the interactions 
between specific abilities, more general cognitive strategies, and 

beyond these, the relationships between cognitive styles and personality 
traits. He argues that psychologists must move beyond conceptions of 
abilities in a simplistic and absolute sense, and recognize the 
multitude of processes that may contribute to a single “ability” measure. 


He cites recent evidence (Frederiksen, 1969) that indicates that under 


different instructional conditions different strategies are used by 
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3 
subjects to perform the same task; thus, as a result of the effects of 
cognitive strategies functioning as higher order responses to the 
characteristics of a learning task, a mechanism is provided for transfer 
from abilities to learning performance. In the case of Frederiksen's 
study specifically, it was found that under different instructional 
conditions specific abilities were related to components of learning in 
different ways for each condition. Furthermore, it was found that 
Subjects employed several distinctly different strategies in the course of 
learning. Messick notes that much of this information would ordinarily 
not be recorded or would be lost under traditional methodologies of the 
study of the structure of mental abilities: 

Frederiksen's (1969) study underscores the futility of 
attempts to relate ability measures to overall or average 
indices of learning performance. It also highlights the 
need to open up conceptualizations of complex learning 
processes to include not only components of information 
processing abilities, but also higher order information 
processing heuristics such as plans and strategies which 

in turn may implicate variables of personality and 

cognitive style . . . It seems clear at this point that 

the functional models of complex mental processes that 

we seek must themselves be very complex and be cast in 

process terms (p. 369). 

By virtue of the breadth of his discussion, however, Messick 
does not supply specific suggestions for research in the future. 
A slightly more: focussed discussion has been supplied 
subsequently, albeit completely independently, by Estes (1974). 
Through a series of examples drawn from well-known tests and research 
paradigms, Estes argues that the multiple processes in any task 


performance may be understood if analyzed in the light of current 


knowledge in learning theory: 
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A . in every type of intellectual task any given level 

of performance can arise in many different ways . . 

The desired goal may be achieved if we can interpret. the 

processes involved in test behavior in terms of concepts 

drawn from learning theory and utilize these interpreta- 

tions as a basis for developing techniques to localize 

the sources of deficits in performance revealed by test 

scores (p. 749). 

Estes suggests that many apparently simple tasks currently in use 
in omnibus intelligence tests may actually sample much more complex 
processes than are readily apparent, and the fact that these tasks 
discriminate intelligence groups effectively should warrant an in-depth 
Study of their nature. In this respect, therefore, Estes' suggestions 
for future research are more specific than the overview given by Messick 
(1972). In most other respects, however, Estes is nonspecific. He 
does not recommend the adoption of a particular model in learning theory 
and, perhaps most importantly, while he appears to favor a task analysis 
approach to the study of performance, he gives no guidelines or conceptual 
framework for this approach. 

These latter problems in the orientation adopted by Estes (1974) 
appear to have been anticipated by Carroll (1974). The direction 
suggested by Carroll shares some common features with Messick (1972) with 
regard to problem definition and use of multivariate methodology, 
especially factor analysis: 

What still seems needed is a general methodology and theory 

for interpreting psychometric tests as cognitive tasks, and 

for characterizing (but not necessarily classifying) factor 

analytic factors according to a model of cognitive 

processes . . . the cognitive tasks used in factor analytic 

studies are necessarily complex from an information- 

processing point of view and factors simply tend to 

feature or highlight certain aspects of information 


processing in which there are prominent individual 
differences (p. 6). 


«Xpofoborion sf 


= 7 r 
(15 53 ' De 
a & . * fe _ 
' sna xstirb Vaem aft Serie 69 gonsmroried to | 
30 ow tr bevettos od yam feop bertzeb sAT 
awias nt votvered tast AT bevlownt gaz2sooxq 
ad ; iz = 
329 astiistu bas yrosrlt oatevest. mov? awedh—-— 
oindoes pnfgolsvsb iot 2iesad's 26 edort 
Paes are eee Mee we - i. = 
if j rte 19¢ < TTdi 13D 10 ot JOz on 
| -* 


sutaoffatni to sqvi ywiava oF . . re a | 


: 
= ~  - in Je - » 
sfomse yilautos ysm et2at sonaptifaynr ev 
e 2 > 4 o Fl | 
fost odd bos .teersaqe vifbssy Sys Wend 2 
vot2 viovistostts equoyp saoneprifesnr ste 
— odd “aT: 2 na i-4 ‘ 
Gi! fpaqee7 2rny Al saisen tteit to oO 
ii i 
sit nats oftfosqe oom ats doyseesy Studie 
4 _ j Das ef i ars i | sity. a 20m re FY 
cm c : os 
_ d \ Gy 7 ‘ 
1 — 5 - ry ‘e pws r nw +, 
i siuolsd1sq § To noraabs SiS His nmo29" 7 ton 
Sy ae) 


adobe sorssdnatvo sit of eneidoxg vetiat seat 


eyegaas of sltiw .vistnetyaqnt +20 agar (a 


ami © Pee | ant eons > a — . 
eV 2 7). -SOIRSHFION aq iW youy2 any of fos as 
Lae 
be aa 
- 260 9 ma be IgG 27g VX 6 a8 
* 


, ~, mits te hee opie ole r : 
un #0 92b. bné portiarteb msidor 


Carroll's approach to the problems inherent in Estes' (1974) 
Suggestions is to adopt a model of information processing proposed by 
Hunt (1971), and analyze tasks on the basis of this model (cf. Hunt, 
Frost & Lunneborg, 1973). Using the components of the model, Carrol] 
has developed a coding scheme for tests, using categories such as memory 
type, strategies and mode of response required, and then applied this 
scheme to the French (1963) cognitive test kit. The second phase of 
Carroll's development of a process conceptualization of cognitive tasks 
is the use of factor analysis to confirm the coding categories. Thus, 
the direction adopted by Carroll is the reverse of the classic cognitive 
abilities research; it is comprised of task analysis on the basis of a 
model of cognition, and then validation of this analysis by factor 
analytic methodology. 

Carroll's use of factor analysis in its confirmatory role is 
particularly interesting and forms a parallel to recent work on cognitive 
processes by Das, Kirby and Jarman (1975). The approach taken by Das and 
his colleagues is to factor analytically confirm and extend information 
on processes in cognitive tests that has been proposed first on the basis 
of clinical research. The theory of cognitive processes adopted by Das 
et al. was developed by Luria (1966a, 1966b). This theory maintains that 
cognitive content is processed in one of two ways. It may be processed 
as a Simultaneous synthesis, in which case the information is arranged 
in some type of unitary composite which is mainly spatial in character; 
alternatively, information may be processed in the form of a successive 
synthesis, in which case the information is arranged in a sequential and 


mainly temporal order. 
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The rationale for the development of Luria's theory involves the 
effects of different types of brain lesions on cognitive tests. He has 
found that lesions in the occipital-parietal area leads to disturbances 
of the simultaneous organization of stimuli, and lesions in the fronto- 
temporal area disturb successive processing. These two forms of 
information processing, then, have developed from examination of the 
common aspects of various tasks that are associated with lesions of 
specific varieties. 

The validation and extension of Luria's clinical research through 
statistical methodology has supplied some information on cognitive 
processes in mentally retarded children (Das, 1972), culturally-diverse 
populations (Das, 1973a, 1973b, 1973c; Krywaniuk, 1974), and different 
age and socioeconomic groups (Das & Molloy, 1975). A question of 
particular interest, which has not as yet been answered in the research 
on simultaneous and successive syntheses, is how these styles of 
information processing may vary in their employment by groups of 
subjects at different intelligence levels as operationally defined by 
intelligence tests. Das (1972) has found differences in this respect 
between retarded and normal children, and notes that these differences 
may allow new interpretations of some of the causes of discrepancies in 
mental ability levels among intelligence groups. The two forms of 
synthesis are seen as major styles of processing information, or “higher 
order information processing heuristics" in Messick's (1972) terminology, 
and thus their appropriate employment in task situations can be seen as 
a determinant, in part, of a given measured level of ability. Different 


levels of intelligence, therefore, may be characterized by different 


~ adie ‘s ce 
5 } | WSb ort 1 ot ot protien ad I r 
7 + pe a 
. 19 ne znotesl wfénd to veges, Insvs Ab Ye au: fo 
: ‘ 
oo 


3 a-Ipdtatoon Sng: nt 3 noreet : ters 
: : ‘at i fa 
ite To MOrssStoepiw 2noenel funke ott 


54 \Fezaqqnd SVT azeQoue- crmite ty 6 ai 


= eli sn Ot f22500 
Pt v 
. fo ee 
, J > 27289 UOT TEV’ FO 23 


“, ot 
fi ih) notensatxs brs Not ebt 
7 Se 
— - os nou? eon \ 30! Fohor +4 n. Tt 
> He oo 


= * an . we — 
: } ! SS A : wi y » no) - > _ 26a) an 
i) 
| 
. - 7 r 4 gas ° 
Ver .volfoh 8 260) 2qyo% Siienessoloe 


ji99d) Say 26 For 25a fotaw cdeavatnt win 


wor 27 ,2seaninyve sv Feaaooue Gas 2u0s — 


Tairron bas babes 


y ) Me 
ent To ome t0 2noid 63 orqyads 
Tag * bi ac 


uses of Simultaneous and successive syntheses for particular tasks. 

Thus, One purpose of the proposed study is to identify the similarities 
and differences, if any, in the employment of simultaneous and successive 
syntheses by different intelligence groups. 

A second and major purpose of this study is to examine in depth a 
particular task that has been used in many contexts, including Das' (1973c) 
factor analytic work. This task is known under various titles, as will 
be discussed, but is best designated as modality matching. It consists 
of the judgement of equality or inequality of two stimuli. each of which 
is presented in a sense modality. Modality matching may be cross-modal, 
an example of which would be matching visual stimuli with subsequent 
auditory stimuli; or it may be intra-modal, such as matching visual 
stimuli with subsequent visual stimuli. 

It will be noted in the review of literature to follow that modality 
matching has been identified by several researchers as an extremely 
important task in reflecting basic processes in intellectual development. 
The evidence which justifies ascribing this importance to the task, 
however, is surprisingly diverse in interpretation and lacking in 
empirical support. In fact, it appears that a properly designed study 
which would test many of the current claims made about this task has 
yet to be performed. 

This study will examine the modality matching task in two ways. 
First, the levels of performance of different intelligence groups will 
be established for both intra-modal and cross-modal auditory and visual 
matching. Second, the strategies which different intelligence groups 


use in performing these tasks will be determined in the context of 
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Simultaneous and successive syntheses. 

In summary, this study has two purposes. The first is to determine 
how different intelligence groups use simultaneous and successive 
syntheses. The second is to determine the levels of performance and 
the types of strategies that may characterize modality matching by 
different intelligence groups. Thus, this study will shed some light 
upon the strategies that are characteristic of different intelligence 
groups, and the significance of modality matching as an indicator of 
intellectual development. The review of literature now to follow will 


develop the context of the study more explicitly. 
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CHAPTER II 


REVIEW OF LITERATURE 


In the present chapter, selective reviews will be found 
under three headings: intelligence, modality matching and information 
processing. 

Intelligence is a wide area of research, even when it is operation- 
ally defined as the score on an intelligence test. There will be no 
attempt made in this review to deal exhaustively with the available 
research in this area. Instead, the review will restrict itself to 
brief remarks with respect to conceptions of intelligence as they are 
relevant to the present study. 

Modality matching research, which is sometimes known under other 
titles, has a lengthy history of development. Most of the interest in 
this area, however, has been within the last decade, with a considerable 
increase in interest in the last several years. This review will be 
complete for the research which is germane to this study. 

Information processing is a relatively new topic in psychology; 
consequently, the concept lacks clear definition. This discussion will 
be restricted to an overview of one model of processing information, 
followed by a review of some factor analytic studies which support this 
model. 


A summary of these three sections is provided. 
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Intelligence 


Metaphorically, the main focus of research on human 
intelligence has been the charting or mapping of the domain of 
man's mental abilities. The history of this endeavor, with its 
primary movements, is well encompassed by Butcher (1970), Dockerell 
(1970), Jenkins and Paterson (1961), Tyler (1969), Wason and Johnson- 
Laird (1968) and Wiseman (1967). 

The measurement of intelligence by omnibus intelligence tests may 
be seen in the context of research on mental abilities, as an attempt 
to sample those components of mental abilities that have been identified 
as broad, socially important criteria. One way in which intelligence 
has been defined over the years, then,is as some variation upon the 
"ability to carry on abstract thinking" (Terman, 1921), or alternatively, 
simply as “general cognitive ability" (Burt, 1972). In operational 
terms, these definitions describe some of the characteristics of tests 
of intelligence. As Jensen (1969) has pointed out, these tests utilize 
some items of a non-conceptual nature, such as rote memory, but for the 
most part the tests are directed at determining the level of competence 
of the individual in conceptual problem solving. In Jensen's (1969, 
1970a, 1970b) terminology, mental abilities may be roughly divided 
into two varieties: Level I abilities, which are predominantly memory 
abilities, and Level II abilities, which are predominantly abstract 
reasoning abilities. Jensen has argued that intelligence tests are 


mainly measures of Level II abilities. 


f 4 
* 
* 
. ¢ ‘ . 
ze 
be 2 - rtf and 
i 
; sil ean oe | Pn «tn neta emenkh 
; } : 32 , 1 Dt : Hy Olt} ony eV <r) at Pi 4e 2 " 73 


rf , : ; 7 - § 
: - £ — <4 f 
i it TO .p sm Yo perovels ad? need’ ean esnsetffstat 


iodyd vd bseesaqmoone fiew 2F eer yoni q 
‘f80T) nozietst bas entangl ADRON . 

(o0f) semsekh bus: (88F) o 

. id sonspifistar to dusmaiwesom ofit 


Pa sf 
. ‘ 4 - ; > b<. *> « ne os, ol « 7. 
rari fd6—~i) 67nSh noe iv’ 59281 70 JXBINOD Sid at nage 


triftds [ésnsm 23nanogned 9204 i 9) Feynies 
Tet 


syanQ .siysttyvs tasivoam? vitsroaoe 4 
— 7 

f 

ES op oA wT. m4 i nie 

Sm02 3 >F OSHS »2ThSY Shs TSVO ban tat 


ir ; a fia r ra ate 5 Fevensp os ti, zs uh 
. ibe 
+ 36759 ory > iy STi 2 a0 rvs 7s b anbof 'o tnr tab sant am . 


? , 4 = 7 : mn 
esti 291 two batntoq asd (del} noensb -2A “sso! ae 
. 1) 3 e ‘ { 1s Y « . fe Ue soy HTT fs ud 8 hs INGA ; ‘TON 5 0 ae nos 
sonataqmo> To [avel odd pntnkmristed Js botasvib 976 etest orld 4 
i. 


j i p * enok er 
-e'nsenst nt Jpntvioe in| dog: feud goones Wy ‘ala Us 


eee sisi fide Tadnon Nee! 
. ae, 


2 - 


rb yiripuoy 
ee ‘aie 
ae. 


i ; i 
ie a fi 7 2 a 
Pa, eeotai rT Vat a6 


mob: 


Conceptions of intelligence tests as exemplified by Jensen's 
Statements are not often disputed among psychologists. There has been 
a history of protest over the use of intelligence tests in various 
institutions, most notably education, but these protests have been 
directed mainly at the inappropriateness of the use of the tests with 
various subgroups and some possible social implications of their usage 
(Brim, 1965; Cronbach, 1975; Gulliksen, 1974; Hoffman, 1962; McClelland, 
1973). When employed with groups similar to those in which the tests 
were normed, somewhat less hisptte has arisen over the technical 
efficacy of the tests as indicators of approximate levels of general 
intellectual functioning. 

Unfortunately, however, as part of the acceptance of intelligence 
tests on this basis, misconceptions of the meaning of intelligence 
scores have developed (Lyman, 1963; Wechsler, 1975; Wesman, 1968). 
These misinterpretations have been labelled "conceptual ghosts" by 
Humphreys (1962a, cf. 1962b), who lists five major misconceptions that 
have contributed to the "mystery" of intelligence test scores. 

The first misconception is that of capacity. Intelligence tests 
are often interpreted as indicating an individual's capacity to perform 
various intellectual tasks. As noted by Humphreys, we have no 
operational techniques for making these inferences. Intelligence 
scores give a sampling of current performance at a specified point in 
time. The fact that they may have some predictive validity for some 
tasks in the future is based upon probabilities with respect to an 
individual's placement in a group over time. This, in and of itself, 


does not validate inferences with respect to the individual's "capacity" 
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to perform tasks in the future. 

The second misconception is that of fixed intelligence. Humphreys 
notes that many important variables play implicit roles in the prediction 
of intelligence scores at later ages. Among these are the age of the 
examinee at the time of administration of the predictor test and the 
amount of time between test and retest. Thus, the breadth of experience 
of the examinee between tests, the age of experience and also the breadth 
of the tests themselves all contribute to changing relationships between 
test and retest scores. The stability of these relationships in some 
circumstances does not allow inferences regarding fixed intelligence. 

The third conceptual "ghost" that Humphreys has identified is the 
notion of aptitude. He notes that because a predictor test correlates 
to some degree with a criterion test, this simply indicates that for any 
of a multitude of reasons individuals have retained some relative 
position with respect to a group over time; it does not indicate aptitude. 
A parallel example of this type of fallacy is physical growth. We do not 
claim that children have varying degrees of aptitude for growing, because 
we can predict to some extent the height to which they will grow. 

The fourth misconception in the interpretation of intelligence 
scores is the difference between non-empirical definitions of intelli- 
gence and what intelligence tests actually measure. Humphreys notes that 
while intelligence is often spoken of in terms of "flexibility of 
adjustment" or "general learning ability", a simple analysis of tests 
reveals that the extent to which these conceptions of intelligence are 
reflected in test content is severely limited. 


Finally, the fifth misconception that is prevalent with regard to 
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18 
intelligence tests is that they represent a pure measure of a central 
"force" which has often been called "g" in Spearman's (1904, 1927) 
terminology. Humphreys notes that the classical problems in charting 
mental abilities, which eventually led to Thurstone's (1938) formulation 
of seven or nine different aptitudes, and then later to Guilford's (1959, 
1967) more numerous varieties, are manifest in conceptions of intelli- 
gence tests as measures of a unitary inner force. The resolution of 
the difficulties in determining the extent to which these models of 
mental abilities are appropriate is not in sight at the present time, 
and hence ascribing any single theory to intelligence tests is 
unwarranted. 

The alesaian of what a score on an intelligence test actually 
represents then, according to Humphreys, should be approached by a path 
not plagued by the five misconceptions that have been noted. There are 
some well-established empirical facts about intelligence tests that 
should be taken into account. It is generally accepted that intelligence 
scores are fairly reliable. These scores are also quite stable over 
time, with little change in rank ordering of individuals over periods 
as long as several years. It is generally found that intelligence test 
results are good predictors of academic grades and similar school-oriented 
tasks. Finally, while it is not uniquely determined where in a functional 
hierarchy of mental abilities an intelligence test may be placed, it is 
clear that most IQ tests are a broader measure than simply a composite 
of several specific ability tests. 

Viewed in these terms, it becomes apparent how the misconceptions 


quoted by Humphreys, such as capacity and fixed intelligence, have 
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14 
evolved. Intelligence test scores appear to behave so lawfully as to 
beg an explanation in terms of relatively immutable and generic 
characteristics. But as Humphreys has intimated, this fact originates 
not only from the characteristics of individuals, but also from the 
composition of the tests. The content of intelligence tests is broader, 
both in terms of areas sampled and in terms of time periods sampled, 
than any other variety of test. These differences take three specific 
forms when intelligence tests are compared with other school tests. 

First, intelligence tests contain items that require utilization 
of broad domains of knowledge. The internal consistency of IQ tests is 
generally only moderate, especially in the case of some of the omnibus 
tests such as the Stanford-Binet and the Wechsler Intelligence Scale for 
Children. 

As a second point of difference, which is somewhat specific to the 
first, intelligence tests tap a wider range of experience than do other 
varieties of tests, such as achievement tests. IQ tests are not 
developed as evaluation criteria for courses of study that may be 
specific to particular school systems, nor are the items constructed in 
the usual school testing formats. 

Finally, and perhaps most importantly, intelligence tests require 
the individual to draw upon old knowledge or skills that may be 
transferred to a new situation. In contrast, school tests tap knowledge 
which may be specific to a shorter period of time, for example, one year. 

When reviewed in the light of these characteristics, it is hardly 
surprising that intelligence tests display the characteristics of 


reliability, stability, validity and factorial connections to several 
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theories of mental abilities. Their breadth, both temporally and in 
terms of content, contributes significantly to these psychometric 
qualities. In Ferguson's (1954, 1956) terms, human abilities become 
differentiated in the course of development, with transfer of learning 
facilitating this differentiation. Intelligence tests generally span 
these abilities to a greater degree than other tests, dependent upon the 
age of the individual and the particular test concerned. The meaning of 
intelligence scores, then, must necessarily be interpreted in the 
perspective of the opportunity that the individual has had to develop 
the ability to complete the tasks in the test; that is, the opportunity 
to transfer prior learning and differentiate skills cumulatively. 

Viewed in these terms, intelligence tests become complex empirically, 
and possibly even inappropriate in more cases than not, but the concept 
of intelligence itself should at least be free of some of its nebulous 
notions and mysterious entities. It is established that on the basis of 
these psychometric characteristics, intelligence test scores reflect the 
standing of an individual relative to a group on a number of criteria 
which have been found empirically to be important for school and 
occupational success. The term should be restricted to this purely 
descriptive as opposed to explanatory function (Liverant, 1960), and 
inferences regarding the meaning of the scores beyond this interpretation 


are invalid. 
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Modality Matching 


It has been noted by several authors, among them Jensen (1971), 
that the nature of cross-modal transfer is not well understood. 
Undoubtedly one of the principal reasons for this lack of understanding 
is the rarity of common terminology use among the studies which have 
been performed in this area, as well as confusion with respect to the 
various types of tasks under consideration. These problems, in 
conjunction with the fact that most of the studies on this topic have 
been loosely designed and evaluated, have led to a disparity in opinion 
as to the etiology and psychological significance of cross-modal 
processes (Bryant, 1968). The first objective of this discussion, 
therefore, will be to clarify the terminology presently in use, and to 
establish the terminology that is to be employed in this study. 
Following this, several other major problems inherent in present 
research on cross-modal processes will be noted. This will establish 
a context for an examination of that portion of the literature which 
is specifically relevant to the present study. The discussion will 
begin in a cross-modal context, with intra-modal considerations as 
logical consequences. 

This review will introduce first the term "“cross-modal coding" (CMC) 
as generic terminology for the complete spectrum of tasks under 
eanitihnebien The possible modalities in which these tasks may be 


Tyensen (1971) appears to be using "cross-modal transfer" in this 
sense, as is the case with several other psychologists, but the 
inconsistency of the term's usage is profound elsewhere. The introduction 
of the terminology used here is unique to this study, with "transfer" 
used in its usual learning sense, rather than as a broad category. 
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presented are visual, auditory and haptic. Across these three 
modalities, three principal varieties of tasks appear to have been 
utilized: cross-modal transfer (CMT), cross-modal discrimination (CMD) 
and cross-modal matching (CMM). The distinction between CMT and CMD is 
Slight, whereas CMM tasks form a clear demarcation with respect to the 
other two. 

Cross-modal transfer involves the learning and utilization of a 
principle in one modality, and then the employment of that principle to 
aid in the learning of a task in a second modality; the tasks may or may 
not be identical for both modalities. The main distinction in CMT which 
sets it apart from CMD and CMM tasks is the principle to be learned. 
Often the principle is a stimulus dimension. An example of this type of 
research is a study by Semmes, Weinstein, Ghent and Teuber (1954). Brain 
damaged adults were requested to choose an object visually from a given 
set (e.g., powder puff, rubber ball, sponge, coin, pencil and nail) with 
the correctness of their response indicated after each selection. The 
principles to be discovered were stimulus dimensions, such as softness, 
length or metallic content. It was hypothesized that the learning of 
these dimensions would transfer to the same task performed haptically 
several months later. This hypothesis was supported, although the 
effects were scattered and weak. 

Cross-modal discrimination, in contrast to CMT, is a more clearly 
defined type of cross-modal coding from the viewpoint of the subject, 
and in some respects it may be seen as a degenerate case of CMT. In 
CMD tasks, a stimulus dimension is generally made explicit to the 


subject. The task is to distinguish degrees of this dimension in one 
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18 
modality and to utilize this discrimination learning to perform the same 


task in a second modality. Smith and Tunick (1969), for example, used 
plastic forms of equal volume (cone, sphere, pyramid, cube, rectangular 
solid and cylinder) covered with four textured materials (smooth, foam 
rubber, buckshot and rough sandpaper) in a study of visual-tactual CMD 
in young retarded children. Subjects were informed of the relevant 
stimulus dimension before each set of tasks was presented and were 
reinforced for correct discrimination responses. The CMD effects were 
found to be significant for both dimensions. Gardner and Judisch (1965) 
conducted a study which is exemplary of this type of design for auditory 
and visual modalities. 

The major distinctions to be drawn in this discussion are the 
differences between cross-modal matching tasks and CMT and CMD tasks, for 
it is the former to which this study is addressed. From the point of 
view of the subject, cross-modal matching is the most explicit task of 
the three types under discussion. CMM involves the presentation of a 
Stimulus in one modality and then immediate identification of a 
corresponding stimulus pattern in a second modality. Summarily, CMM 
differs from CMT and CMD tasks in at least three ways (Ettlinger, 1967; 
O'Connor & Hermelin, 1971): (1) In a CMM task, the subject is aware of 
the relationships between the stimuli in the two modalities and that 
the expectation of the experimenter is for the subject to match the 
stimulus in the first modality with that of the second modality. In CMT 
and CMD tasks, it is not made explicit to the subject at any point in 
time that there is some relationship between the task performed in one 


modality and the later task performed in a second modality. (2) in CMT 
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19 
and CMD tasks, learning takes place in the course of trials in the first 
modality; the objective is to discover whether or not this learning is 
transferred to the later task in the second modality. In CMM tasks, 
learning takes place to a lesser extent, and its transference is 
therefore of lesser concern. (3) CMT and CMD tasks may utilize a time 
interval of days, weeks or even months between the trials in the first 
modality and those in the second modality. In CMM experiments, the time 
eal is very brief; the subject is presented with a stimulus in the 
first modality and then is asked immediately to match it with a stimulus 
in the second modality. 

It is evident even from the brief foregoing discussion that a first 
consideration in the design of a cross-modal coding study should be the 
clarification of the coding type that is of interest. The distinctions 
between CMT, CMD and CMM are of major importance, with the demands made 
upon short and long term memory, for instance, varying considerably across 
the three types. Despite these differences, studies have been conducted 
utilizing one type of task, with the discussion of the results done in 
the context of another type. Rudel and Teuber (1964), for instance, 
used a visual-tactual CMM design to draw inferences about CMD abilities 
in young children. 

A second complicating factor in many of the studies of cross-modal 
coding that are currently available is the lack of intra-modal controls 
(Bryant, 1968; Jones & Robinson, 1973; Rubinstein & Gruenberg, 1971; 
von Wright, 1970). Nearly all of the studies of cross-modal coding 
presently in the literature do not utilize a design which supplies 


information on intra-modal performance as well as cross-modal performance. 
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20 
This shortcoming is especially critical when the studies are viewed 
developmentally, for there is strong evidence that as children grow 
older their ability to discriminate auditory, visual and tactual cues 
increases steadily (Gibson & Gibson, 1955; Gibson, Gibson, Pick & Osser, 
1962) and cue preferences within modalities become more synonymous with 
those in other modalities (Pick, Pick & Gliner, 1967). Thus, when 
developmental changes in cross~-modal coding scores are reported without 
intra-modal data, the effects of these increases in discrimination 
abilities are confounded with any actual developmental changes in cross- 
modal coding ability. 

A third and final source of confusion in the literature on cross- 
modal coding is the choice of modalities which have been employed in 
relation to the objectives of the research studies. Most of the research 
presently available involves the visual and haptic modalities (for 
examples and reviews see Balter & Fogarty, 1971; Birch & Lefford, 1963, 
1967; Hermelin & O'Connor, 1964; Krauthamer, 1959; O'Connor & Hermelin, 
1965; Rudel & Teuber, 1964). While some of these studies have been 
concerned with specific aspects of psychomotor abilities, others have 
been concerned with more general aspects of intersensory development as 
it relates to mental abilities. In this latter respect, visual and 
auditory tasks would have been more appropriate (Bartlett, 1947). 

A probable cause of these three problems in the cross-modal coding 
literature, as well as lesser problems which have not been noted here, 
is the paucity of thorough reviews of the complete area of modality 
coding. If analyses of the area were available, it is unlikely that 


this confusion would be present. Early reviews of American research on 
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sensory processes have been supplied by Gilbert (1941) and Ryan (1940) 


and on Soviet research by London (1954). More recently, partial reviews 
cutting across some of the major problem areas that have been noted 
have begun to appear (Abravanel, 1968, 1971; Bryant, 1968; Chalfant & 
Scheffelin, 1969; Gibson, 1969; Gibson, 1966; Pick, Pick & Klein, 1967; 
von Wright, 1970; see also McGrady & Olson, 1970; Wohlwill, 1971). A 
recent discussion by Freides (1974) appears to be one of the more 
sophisticated reviews available. Nonetheless, a systematic discussion of 
the present concepts and research methodology in the area in terms of 
future needs and directions still remains to be done. 

One of the best reviews with respect to approximating a complete 
discussion of these issues is supplied by Chalfant and Scheffelin (1969). 
These authors denote the basic human integrative systems as depicted in 


Figure 1. 
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Figure 1. Intersensory integrative systems 
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Chalfant and Scheffelin (1969) supply a useful tabulation of the 
variables that should be taken into consideration in the design of 
research studies on cross-modal coding or, more generally, modality 
coding. These variables are listed in Table 1. 

With several minor adjustments, the variables supplied by Chalfant 
and Scheffelin appear to be complete. Socioeconomic status (SES) of the 
subjects is one possible further variable that should be included for, 
given the well established relationship between SES and IQ, to the extent 
that cross-modal coding ability is a predictor of IQ (Hunt, 1969; Jensen, 
1969), and hence possibly correlated with SES, differences in cross-modal 
coding ability could be expected to exist across SES groups. An 
examination of the SES variable may shed light upon the processes in 
modality matching (Jorgenson & Hyde, 1974). Birch and Belmont (1965b) 
and Walker and Birch (1970), among others, have reported SES information, 
but have not conducted statistical analyses using this variable. SES 
would in all probability be more significant as an independent variable 
in modality matching studies than would variables such as sex, for example, 
for which the results have been hazy (Jorgenson & Hyde, 1974; Kling, 1968; 
Muehl] & Kremenak, 1966; Reilly, 1971). 

The Chalfant and Scheffelin (1969) elaboration of critical variables 
serves the purpose at this point in this discussion of narrowing the 
focus of the remainder of this review and of placing the present study 
in context. The concern of this study is with auditory and visual 
modality matching, both cross-modal and intra-modal. Variables which 
are salient to the study will now be considered separately in the 


following sections, or discussed within the research design. 
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Spatial-temporal dimension 


As is the case with visual-haptic cross-modal research and its 
reference to psychomotor abilities, studies in the specific area of 
modality matching for visual and auditory stimuli have received their 
impetus in large part from a theoretical link to a specific problem 
area: reading achievement. Indeed, many of the studies presently in 
the literature are not addressed to the question of visual and auditory 
matching processes per se, but instead are directed at the relationship 
between reading achievement and auditory-visual modality matching (Beery, 
1967; Birch & Belmont, 1964b, 1965b; Blank & Bridger, 1966b, 1967; Blank, 
Weider & Bridger, 1968; Butters & Brody, 1968; Ford, 1967; Jorgenson & 
Hyde, 1974; Kahn & Birch, 1968; Kuhlman & Wolking, 1972; Muehl & 
Kremenak, 1966; Reilly, 1971; Rudnick, Sterritt & Flax, 1967; Silverston 
& Deichmann, 1975; Sterritt & Rudnick, 1966). It has been hypothesized 
that the significance of auditory-visual cross-modal matching to reading 
achievement lies in the prima facie parallel demands of the two tasks, 
that is, "preparatory to reading, the child must relate auditory patterns 
in speech, which are temporally ordered, to the spatially ordered visual 
patterns in print. To actually read, he must reverse the process by 
responding to the printed visual patterns with appropriate sound 
sequences (Muehl & Kremenak, 1966, p. 230)." This hypothesis appears 
to have been consistently supported. Virtually all of the present studies 
have found that auditory-visual matching ability significantly predicts 
reading achievement. Also, as would be expected if this hypothesis were 
correct, intra-modal matching of the same tasks does not predict reading 


achievement. Thus, it is apparently the intersensory integration aspect 
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of modality matching that correlates highly with the components of 


reading. 

Unfortunately, not all other aspects of modality matching studies 
have been as consistent as the relationship between reading and CMM 
(Goodnow, 1971b, cf. 1971la). One would expect, for instance, that 
because cross-modal integration apparently employs discrimination skills 
in two modalities, as well as some form of integrative mechanism, it 
would be more difficult than an equivalent intra-modal task. This has 
not been found to be true in general; cross-modal matching has been 
found to be more difficult than intra-modal matching (Caviness, 1964, 
cited in Goodnow, 1971b), but other studies indicate that it is easier 
than intra-modal matching (Mueh] & Kremenak, 1966), and finally, some 
studies have found no differences between cross-modal and intra-modal 
matching (Hermelin & O'Connor, 1961). It is evident from a close 
inspection of the available studies that this lack of agreement in CMM 
research results could be due to subtle variations in stimulus type, 
response alternatives, instructional sets and a host of other variable 
conditions. More explicitly and more importantly, however, these 
inconsistencies could be the result of interactions between the 
principal mechanisms underlying the modality matching process and the 
situational variables. Because these mechanisms are as yet only 
tentative, the morphology of the process of modality matching remains 
somewhat problematic. 

Conjectures, of course, have been drawn as to the nature of modality 
matching processes. Simplistically, these conjectures have fallen 


roughly into two varieties and have become identified with two research 
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teams presently studying this problem. One theory proposed is that of 
Herbert Birch and Lillian Belmont and co-workers, which hypothesizes 
that a process of integration at the perceptual level is responsible for 
modality matching skill. In brief, these authors argue that perception 
is a developmental product (Wohlwill, 1960) and that children are 
characterized by the development of increasing correspondence between 
stimulus cue and dimension usage across modalities. Based in part also 
on discussions by Sherrington (1951) and Munn (1965), who argue that 
intrasensory systems develop before intersensory systems due to the later 
establishment of an intersensory liaison, Birch and Belmont have pursued 
this theoretical stance energetically, extending their research over a 
considerable span of time and over various groups (Belmont, Birch & 
Belmont, 1968; Belmont, Birch & Karp, 1965; Birch, 1954; Birch & Belmont, 
1964a, 1964b, 1965a, 1965b; Birch & Bitterman, 1949, 1951; Birch & 
Lefford, 1963, 1967; Kahn & Birch, 1968; Klapper & Birch, 1971; Walker & 
Birch, 1970). 

The second point of view in accounting for the mechanisms involved 
in modality matching is exemplified by Marian Blank and Wagner Bridger. 
Blank and Bridger reject the perceptual hypotheses of Birch, Belmont 
et al., and propose that a mediational process--mainly verbal, but not 
necessarily so for all tasks--is responsible for the links between 
stimuli presented in two modalities (Blank, 1970; Blank & Bridger, 1964, 
1966a, 1966b, 1967; Blank, Weider & Bridger, 1968). Thus, Blank and 
Bridger appear to favor the use of higher order processes rather than 
perceptual processes as explanatory constructs for the modality matching 


phenomenon (see Boernstein, 1970; Jensen, 1970b). 
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Until very recently, evidence that would shed light upon the 


relative tenability of either of these points of view, or of any 
combinations thereof, was unavailable. Due to a further major shortcoming 
of the design of visual-auditory CMM studies, a confounding effect has 
been present consistently in nearly all studies to date; this effect is 
the result of the usual link between visual stimuli and spatial 
distribution of the stimuli as opposed to auditory stimuli and temporal 
distribution of the stimuli. That is, in virtually all of the studies 
available, with the exception of two now to be discussed, visual stimuli 
effects have been confounded with spatial effects and auditory stimuli 
effects have been confounded with temporal effects. Research by Rudnick, 
Martin and Sterritt (1972) and Sterritt, Martin and Rudnick (1971) 
represents the first attempt to separate these factors and study their 
individual relationships to modality matching processes. 

Sterritt, Martin and Rudnick (1971) generated all possible 
combinations of stimuli and response patterns by utilizing auditory- 
temporal (AT), visual-temporal (VT) and visual-spatial (VS) types of 
stimuli (auditory-spatial [AS] would be a simultaneous sound pattern 
from spatially distinct sources and would be non-discriminable). These 
three varieties generate nine possible combinations of stimulus-response 
sets, which were created by the use of headphones, lamps and printed 
materials: AT-VS, VS-AT, AT-VT, VT-AT, VT-VS, VS-VT, AT-AT, VT-VT, VS-VS. 
Subjects in the study were 72 black children who had attended kindergarten 
and were living in an impoverished neighborhood. Results indicated that 
neither AV integration nor TS integration was more difficult than the 


respective intra-modal integrations. In ascending order of difficulty, 
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28 
the patterns were visual-spatial, visual-spatial with temporal (auditory 
or visual) patterns and then types involving only temporal patterns. 
Thus, the temporal-spatial dimension emerged as the significant 
individual differences variable, with the role of auditory and visual 
modalities seen as relatively insignificant. Also, the factor of 
“integration” was found to be of low importance, i.e., the difficulty 
level of tasks utilizing a match between temporal and spatial stimuli 
was equal to those matches utilizing just one or the other dimension. 
The later study by Rudnick, Martin and Sterritt (1972), utilizing 270 
black first grade children, supported this set of results. 

These studies by Rudnick, Martin and Sterritt do not, of course, 
strictly invalidate the research to date in the area of modality matching. 
Their research does open up many questions with respect to the processes 
involved in this type of task. It is possible to conjecture, for 
instance, that the spatial-temporal dimension is the individual 
differences variable operating in the majority of the previous studies, 
and not the visual-auditory aspects as commonly believed. Differences 
in results with respect to the relative difficulty of intra-modal 
matching aS opposed to cross-modal matching could conceivably have been 
due to differences in demands made upon spatial-temporal integration 
abilities among some of these studies, with the possibility masked by 
the previous emphasis upon visual-auditory processes. 

But there are still many questions to be answered. The Rudnick, 
Martin and Sterritt studies involved the use of young children from a 
Ay earveneaded neighborhood. Would the integrative aspects of these 


dimensions emerge as the most important variable in older children? 
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29 
What is the role of short-term memory in this problem? What are the 


mediating variables, if any, in the various varieties of spatial and 
temporal tasks, and specifically, what is the role of language? What 
is the relationship between modality matching and intelligence? The 
remainder of this review on modality matching will concern itself with 
these questions, insofar as there are data available that will shed 
light upon them. Unfortunately, only conjectures can be made as to the 
relative contributions of spatial and temporal factors in some of the 


studies now to be cited. 


Developmental trends 


There has been a small amount of research done in the area of 
developmental trends in visual and auditory modality matching. Therefore, . 
rather than attempt to generalize across studies which have used different 
techniques as applied to homogeneous age groups, this discussion will be 
restricted to those studies dealing specifically with a span of 
chronological age. 

The first extensive developmental study of visual and auditory 
cross-modal matching was done by Birch and Belmont (1965b, cf. 1965a; 
see also Walker & Birch, 1970). This study utilized a 10 item, auditory- 
visual matching task, with three simultaneously presented alternatives 
per item. The subjects were 220 children, drawn from kindergarten 
through grade 6, with ages ranging from 5 years 3 months to l2 years 
1 month. The data that were collected in the study are summarized in 
Table 2. 


As is evident from the trend in the mean number of items correct, 
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Table 2 


Number of Correct Equivalent Judgements 
of Auditory-Visual Pattern by Grade 


— 


Mean Age No. of Correct 


Grade N (Yr + Mo) Equivalence Judgements 
M SD Range 
K 30 5-8 + 3.1 mo 4.] 1.4 1-7 
] 30 6-6 * 3.8 mo a6 Pe 1-9 
Z 30 7-7 + 3.4 mo fhe 1.6 5-10 
3 30 8-6 + 4.3 mo Ovo 1.9 3-10 
4 35 9-7 = 3.8 iio Or ee 6-10 
5 35 10-7 + 3.8 mo Siete 0.8 7-10 
6 30 11-6 + 3.8 mo 9.5 0.8 8-10 


there is a steady increase by grade in the ability of children to perform 
this task. However, while this information is useful for the lower grade 
levels, its informative value decreases sharply in the higher grades. 
This is due to a strong ceiling effect in the data resulting from the 
10 item test. By grades 5 and 6, nearly all of the subjects attained a 
near-perfect score, and hence individual differences in the task virtually 
disappeared. Surprisingly, Birch and Belmont (1965b) conclude that this 
convergence of scores at these grade levels indicates that ability to 
perform this task reaches an asymptote at these levels: 

Growth in auditory-visual integration was most rapid in the 

interval encompassed between kindergarten and second grade. 

By the second grade mean accuracy in performance had 

reached an 80% level. In succeeding years improvement in 

auditory-visual integrative performance was slow and 

steady, with an average annual increase in accuracy of 5% 


until the fifth grade at which age the asymptote was 
reached (pp. 298-299). 
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In later research some of the inadequacies of this first study were 


rectified. Kahn and Birch (1968) used a 20 item test of the same design 
as noted previously to study the auditory-visual integrative abilities 
of 350 children from grades 2 through 6. The data that they obtained is 


summarized in Table 3. 


Table 3 


Distribution of Auditory-Visual Integration Scores 
and Age (Yr - Mo) by Grade (N = 70 per Grade) 


Auditory-Visual Integration Age 
Grade —_—_——— 
M SD Range M SD Range 
2 9.6 4.0 2-17 8-4 5.1 mo 7-7 to 9-5 
5 13.5 Bate 5-20 9-3 4.1 mo 8-7 to 10-4 
4 Lat 2.9 7-20 10-1 5.7 m0 9-5 to 11-6 
5 15.8 She) 6-20 11-2 6.0 mo 9-10 to 12-5 
6 17.0 Gul 7-20 12-2 4.6 mo WN=5etoe|3-3 


The most significant point to be made about this data is that the 
asymptotic effect that Herbert Birch had found in the earlier study 
(Birch & Belmont, 1965b) is absent. Rather, the ability to match 
auditory stimuli with visual stimuli, as determined by the type of test 
used in this study at least, appears to continue to develop throughout 
the grade levels involved. 

Recent research by Reilly (1971) supports the findings of Kahn and 
Birch (1968) in full, with additional information supplied on sex 


differences. Reilly also used a 20 item test, and administered it to 
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225 subjects from grades 1 to 4. The mean scores for boys in grades 1 


2, 3 and 4 were 8.90, 12.65, 16.17 and 18.13, respectively. For girls, 
the grade level scores were 9.52, 13.39, 17.14 and 18.00. Statistical 
tests indicated that there were no significant differences due to sex 
at any grade level, but differences between grades were significant for 
all levels. Unfortunately, Reilly drew similar conclusions about 
asymptotic effects in modality matching ability. These conclusions 
are, once again, not valid due to noticeable ceiling effects in the 
instrument. 

The information that may be drawn from these studies is relatively 
firm with respect to the developmental rate of cross-modal matching 
ability in the early school grades. As a function of the instruments 
that are presently being used to measure performance on this task, the 
ability of children to match auditory stimuli with visual stimuli 
increases steadily from kindergarten to grade 4. Beyond the fourth 
grade, the utility of the instruments to span all grade levels begins 
to decrease, with little information supplied on the developmental 
course of cross-modal matching ability. 

The same questions may be asked of intra-modal matching performance. 
Does it increase at a steady rate also, and for which grades are there 
data presently available? A single study has been conducted on this 
problem involving 196 children from kindergarten through to grade 6 
(Klapper & Birch, 1971). Unfortunately, the methodological inadequacies 
that had been present and later been corrected in some of Herbert Birch's 


earlier work, are once again in evidence in this study. A 10 item test 
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with a "same-different" format® was used, resulting in fairly low 


reliability estimates. The data which are of interest to this discussion 


are reported in Table 4. 


Table 4 


Competence Levels in Judging Temporal Sequences 
at Different Ages 


Age Auditory Patterns Visual Patterns 
(Yr) (M+ SD) (M+ SD) 
4 Wear 2a22 2 Oat eed 
5 Glee. 04 GS] 2 e0 
6 ine eee 5 5 momenta 4 
7 oS) ee Wa) spstsh ak eee 
8 8.9 + 1.49 Sey ae Wi Pele) 
2 595.0500 Be/ talndd 
10 Geta Oe32 abate cod 
il Seis Ge ROR al 9.8 + 0.56 


The data for auditory and visual matching are characterized by a 
steady increase as a function of grade level, with visual pattern 
matching more difficult than auditory pattern matching at all but the 
final grades. Thus, the development of the ability to intra-modally 
match temporal sequences appears to follow a similar monotonically 


increasing path as is true for cross-modal matches. This discussion 


eS ee next section, "Memory effects", for a discussion of the 
Structure of "same-different" items. 
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will return at a later point in this study in order to examine the 
discrepancy between the auditory and visual intra-modal matching 
performances noted in Table 4. 

In summary, the developmental course of cross-modal and intra-modal 
matching performance in children appears to be fairly well established. 
Goodnow (1971a, 1971b) has noted that these trends are replicable when 
some variations on the usual tasks are used. The next problem, therefore, 
is to examine some of the possible mechanisms that may be responsible 


for these trends. 


Memory effects 

In order to assess the effects of individual differences in 
memory ability upon modality matching processes, it is possible to use 
information from two interrelated sources--the structure of the items 
that are employed in modality matching tests and any relationship 
variations that may occur concomitantly with those structures as a 
function of which modalities are involved. 

Modality matching items generally have been constructed in two 
different ways. One type of item uses a "same-different" format; a 
stimulus is presented in the first modality and then removed, after 
which a single stimulus is presented in the second modality. The subject 
is asked if the two stimuli are the "same" or if they are "different". 
The other type of item uses a multiple choice format. A stimulus is 
presented in the first modality and then removed, after which a set of 
choices is presented to the subject, with instructions to "find the one 


that is the same" as the first stimulus. The choices may be presented 
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Simultaneously, as when visual pattern alternatives are listed on a 
Single card, or successively, as when tone pattern alternatives area 
played one after another or visual pattern alternatives are exposed 
consecutively to the subject on separate cards. It is clear that memory 
requirements vary across these item types. The problem is to determine 
if this variation will indicate the role of memory in modality matching. 

There is a small amount of data available which may answer this 
question. Birch and Belmont (1964), for instance, employed an auditory- 
visual (AV) cross-modal task, which involved the use of three simultaneous 
response alternatives, to divide children (ages 9-4 to 10-4 years) into 
high and low AV performers. The data indicates that these children did 
not differ significantly on the digit span subtest of the Wechsler 
Intelligence Scale for Children (WISC). Kahn and Birch (1968) correlated 
the digit span subtest of the WISC with the same AV modality matching 
bask FOF children of grades 2 to 6. The Pearson product-moment 
correlation coefficients varied from .2] in the second grade to .14 in 
the sixth grade. Sabatino (1968) reports correlation data for the 
same tasks given to learning disabled children--WISC digit span and AV 
modality matching--which approximates zero. 

In the case of an auditory stimulus pattern, with three response 
alternatives presented visually and simultaneously then, it is suggested 
that memory is not a significant factor in modality matching performance. 
Ford (1967) has supplied some data from a study of 121 fourth grade boys 
which extends this finding to four visual response choices presented 
successively. As in the previously noted studies, the WISC digit span 


subtest was correlated with AV modality matching results. Despite the 
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apparent increase in memory use in this form of matching, the Pearsonian 
r was insignificant at .03. 

Although there is no specific data available for same-different 
item types, it is evident that in this case the significance of memory 
as a predictor of modality matching performance would be even less than 
is the case for the item types in the studies that have been cited. 
Ford's (1967) study used an item format which should maximize reliance 
On memory, and yet memory has not emerged as a significant variable in 
accounting for individual differences in modality matching performance. 
Thus, it is intimated from this correlational evidence, mapped over item 
types, that for visual and auditory modality matching, auditory short- 
term memory is not a predictor variable of individual differences in 
matching performance. Jorgenson and Hyde (1974) support this finding 
and extend it to visual short-term memory. 

The nonsignificant role of short-term memory noted here is supported 
further by non-correlational evidence supplied by Goodnow (1971la, 1971b), 
who studied both memory and attentiveness in modality matching in 30 
kindergartners. The subjects were asked to reproduce a ‘tapped-out" 
series in order to determine if their recall of the initial stimulus 
accounted for the individual variation in their modality matching 
performance. Almost without exception, the children were able to 
reproduce the series, leading Goodnow (1971a) to conclude that "widespread 
difficulty in matching cannot be accounted for by (a) inability to 
remember the original series immediately after presentation, or (b) by 
failure to attend to the presence of segments or intervals in the series 
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The second related possibility with respect to investigating the 
role that memory may play in cross-modal matching ability is to study 
differences in matching performance as a function of modalities. That 
is, one asks the question of whether or not memory plays a role in modality 
matching to differing degrees dependent upon the modalities concerned. 
Goodnow (1971b) has supplied some interesting evidence in this respect. 
She synthesized a series of studies on the basis of the number of item 
response alternatives utilized in various modalities and reached the 
firm conclusion that when vision is the second modality involved, the 
mean error rate does not increase as a function of the number of alterna- 
tives in the item. Thus, for auditory-visual (AV) and visual-visual (VV) 
modality matches, memory does not affect performance. 

Goodnow (1971a, 1971b) does not discuss the role of memory in the 
case of the auditory mode being used as the second modality (AA and VA). 
Mueh] and Kremenak (1966) supply some data that may be used for this 
purpose. These authors used a "same-different” item format for intra- 
modal (AA and VV) and cross-modal (AV and VA) tasks. Their data indicate 
that the VA match was of equal difficulty to the AV match, thus 
tentatively suggesting that for this item type, at least, memory plays 
no further role when the second modality is auditory. 

Collectively, the evidence cited here indicates that the factor of 
individual differences in short-term memory plays no significant role 
in determining differences in auditory-visual matching processes. 
Apparently the role of memory in these processes is to act as a threshold 
which most, if not all, subjects are able to meet. The determinants of 


modality matching ability, therefore, are more likely to lie in the 


i) onttestieavnh af tosqae% atta) iidiaeag batetoy bngoee’ 987) 

vbuite o¢- 2F ys it tds pateiogss Tabon-ee01d a oh 9 

bail 2atd7 | ebom a aOT SINT | 6 26 SonEnigt Teg en tesa WE 290m | 

nt sfov & @velq vrOneaMn Fon 70 yontorty Fy, ngiteaup. oui eden 6 

oj7na9 eat tfebom od3 nog Inebnegal e9svgeo painstib ore 

201 27 it nf sonesbivs pnizeswssnar anoe bail que 26f (a0ser) 

ustt to yadmun sag to. 2728d sh no Ridieace to entree. s bos tasnsoug 

it berosoy bas, zotttisbom energy nt-hes kitty sovieuinedtes 

viovat viifsbom baessa ant af aot ety nbn tant nofeulor | 

ifs to ssdqwa sat Fo wet toae? © 26, Se6etonT sen 2505 $357 719 

'V) favety-fouety bee (VA) l cuabyeyiod hes “ot .2uiT i: mons ws ot 

soreness toatts ton 2seb wrong -2aeod aa “2, = 

ait at veomem te oho ans zeyoerb goa esab (atver after} 

‘AY bas AA) yoirl sbem Dnosa2 ant 26 Deen pared ebom. ered tbus mee 

2tdd vot boev od vended? eteb-omoe Yoga ntaeee) Jenene) bot. 

sitnt i9t Jour? meri ‘tnonotrb-snse"” 6 boew evOnsue geont ‘ . 

- aweae 

Siszthal syed rae -etend. CAV brie WA) inbom220r9 bons (VV bag AA) ts 
4 1 ae 


aud? .dotem VA edd of yttootttth taupe tO 260 aha hilt out 


7 « 


a 


_ 


a 


evefa vionam .J2e0f Fs’ ,oqyd mort eins 107 lie pniaeepege 
yrot thus et ythisbom bnoade ont mate Sia 1 
ere oe: pede me ae eonsb ive od wAtfoy “i 


7 
_ ‘oa ; Jat 


mB ea tap ba. 01 ee i fo i sephei ik 


7 = 7 
ae 


38 


strategies which subjects use in completing the task. Language use and 
other mediatory techniques are a potential source of explanation for 


modality matching performance. 


Verbal and nonverbal mediation 

The role of language in intra-modal and cross-modal coding is one 
of the most enigmatic points of interest in this area of research. In 
terms of the distinctions that were drawn earlier in this discussion 
between modality transfer, modality discrimination and modality matching, 
the role of verbalization appears to be controversial, and therefore this 
discussion will return briefly to these distinctions. 

For cross-modal transfer and discrimination, it has been proposed 
that language is a definite aid to imbeciles in terms of serving as a 
mechanism for heightening the saliency of some aspects of the task 
(O'Connor & Hermelin, 1963). In this sense, language is seen as acting 
as a "bridge" between modalities (Burton & Ettlinger, 1960). The role of 
language may vary from task to task considerably, however, for it has 
been shown that in some cross-modal transfer tasks, deaf subjects are 
no more handicapped than normal children (O'Connor & Hermelin, 1971). 
Ettlinger (1967) has noted that in these coding processes--modality 
transfer and modality discrimination--the necessity for verbal mediation 
is unclear and only conjectures can be drawn. 

To a lesser extent, the same controversy appears to exist in the 
area to which this study is addressed--modality matching. Connors, Schuette 
and Goldman (1967) argue that the ability to match stimuli across modalities 


is facilitated by verbalization. Obliquely, Rodda (1968) appears to 
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agree, by noting that children with language difficulties perform at 
lower levels than average children on auditory-visual matching tasks. 
Conversely, Blank and Bridger (1964) maintain that language is not an 
essential mediator for cross-modal matching. Geschwind (1965) also 
Supports the latter view. 

Part of this apparent disagreement is caused by the manner in which 
the problem is formulated; the question of the role of language in 
modality matching must be asked correctly. It is clear that language 
can be used in these tasks and, dependent upon the efficiency and 
ingenuity in the manner in which it is used (Goodnow, 1971la, 1971b), it 
can facilitate modality matching performance. To begin with, however, | 
the question is whether or not language is actually necessary for 
competence in modality matching (von Wright, 1970). Indications are that 
it is not (Ettlinger, 1967; cf. Cole, Chorover & Ettlinger, 1961). 

The natural way of determining the necessity of language to cross- 
modal matching ability is to study groups that vary in their access to 
language codes. Belmont, Birch and Belmont (1968), for instance, used 
this technique by studying brain-damaged patients with and without 
Significant language disturbance. The subjects involved were 18 cerebrally 
damaged patients with aphasia, 18 cerebrally damaged patients without 
aphasia and 18 control subjects. A 20 item auditory-visual matching 
task, with three simultaneously presented alternatives per item, was 
administered to all subjects. The results indicated that although 
subjects in both of the brain-damaged groups performed at a lower level 
than the normal subjects, there were no differences between the aphasic 


patients and the non-aphasic patients. The authors concluded that "the 
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findings of the present study provide no support for the view that the 


ability to integrate information presented in one sense modality with 
equivalent information in another modality is dependent upon verbal 
mediation (Belmont, Birch & Belmont, 1968, p. 568)." 

If language is not a necessary component of modality matching, under 
what circumstances can it be seen to play a role in this task, and how 
might this role be a function of the age of the subject and the type of 
stimulus materials involved? A study by Klapper and Birch (1971) supplies 
some interesting clues in this respect. These authors studied develop- 
mental changes in the ability of children to judge the intra-modal 
equivalence of temporally distributed visual and auditory stimuli; the 
stimuli were a light flashed at a stationary point in space and clicks 
emanating from a stationary point. The subjects were 196 children 
distributed over ages 3 to ll. The results of the study indicated 
different development curves for matching ability in the two modalities, 
with intra-modal matching of auditory and visual stimuli merging at a 
point of equal difficulty between the ages of 10 and 11, and auditory 
matching scores higher for all ages less than 10 years. An inspection 
of the data reveals that the convergence of the auditory and visual curves 
at these ages was due, in part at least, to the severe ceiling effect in 
the Klapper and Birch instrument, but nevertheless at lower ages the 
curves were consistently disparate. Klapper and Birch (1971) conclude 
that: 

. had the judgements been underlain by a common coding 
mechanism, verbal or non-verbal, one might have anticipated 
equivalence in age specific levels of ability in the two 


sense modes. In fact, children's abilities to judge 
temporal patterns when they were visual and auditory were 
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not equally good, with accuracy of judgement clearly more 

advanced for auditory presentations at almost all ages 

(oab52). 

But this is a curious conclusion to reach, for it is possible to 
argue exactly the opposite point of view. Verbalization could conceivably 
have been involved in both tasks, but its effects may have been differ- 
ent for the two tasks. One would suspect that verbal codes such as 
numbering and rhythm would be more likely to be spontaneously created and 
more easily utilized for auditory stimuli than for a light flashing in 
space. Indeed, for the auditory stimuli, the actual generation of a 
coding system may not be necessary, but for the visual stimuli some 
creativity would have to be shown in coding the temporal patterns of 
flashes. Hence, the auditory stimuli should be easier to code for young 
children, with this effect lessening as language facility and flexibility 
develop. This is precisely the pattern of Klapper and Birch's data. 

Klapper and Birch's (1971) rejection of the effects of language as 
a facilitation mechanism in modality matching is consistent with the 
general theoretical orientation taken by Herbert Birch and his colleagues. 
As noted previously, they have tended to argue a non-mediational point of 
view, with the emphasis of explanation for modality matching processes 
placed on perceptual integration. But they have not held this point of 
view consistently, as exemplified by a study conducted by Kahn and Birch 
(1968). In this study 350 subjects from grades 2 through 6 were 
administered a 20 item auditory-visual matching test. By self-report 
technique, the subjects were studied with respect to the strategies they 
adopted in the course of responding to the items. The strategies fell 


into four categories: (1) variations in counting procedures--these 
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included counting with appropriate pauses (e.g., I counted the taps 
MiKCeUh iseene Palseeine Ss Savolce)sec,)o (pause Ins 's VOICE’. ”. ©. 
etc.) and counting the number of taps that came together and thus coding 
the clusters of taps (e.g., I counted the taps, but I added up the ones 
that came together and then put them into groups, like this ...1, 1+ 
1 = 2 and then 1, etc. . . .); (2) attempts to visualize the correct dot 
pattern; (3) use of a sense of body participation; (4) no knowledge of 
technique. Of special interest here are the first two techniques, 
counting and visualization. Kahn and Birch found that almost half of 
the subjects in each grade used a counting technique of some type. On 
the average, approximately 15% of the children used a visualization 
technique. The significant factor in this information is the different 
scores obtained by these two groups. The "visualization" group obtained 
consistently higher scores than the "counting" group for every grade 
level. An analysis of IQ revealed almost identical IQ distributions for 
the two groups. Thus, while Kahn and Birch (1968) do not propose that 
verbal-mediation is a factor in modality matching, they do implicitly 
support a mediational point of view with respect to imagery and spatial 
schema processes, a point of view which has been shown, of late, to 
account potentially for a good deal of the learning processes in children 
(Jarman, 1973). 

Furthermore, the finding that spatial schema processes aid in 
cross-modal matching much more than do counting procedures, although 
Kahn and Birch do not appear to feel that this is a significant fact, 
is consistent with the views as the spatial and temporal aspects of the 


task that have been discussed earlier (Rudnick, Martin & Sterritt, 1972; 
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Sterritt, Martin & Rudnick, 1971). The children who visualized the 


auditory patterns purposefully transferred temporal stimuli to spatial 


stimuli. When shown the alternatives from which they were to choose the 


correct match, they had only to find the visual representation of a 
schema that they had already formed. On the other hand, the children 
who utilized counting procedures did not have a representation available 
that could be directly matched with the alternatives on the cards. They 
had to perform additional encoding and decoding in order to arrive at a 
decision and were more prone to error as a result. Thus, the children 
who visualized the auditory series had in effect already solved the 
item before the response alternatives were presented to them. 

Goodnow (1971a;,; 1971b) has discussed some further aspects of verbal- 
mediation processes in modality matching and notes that, aside from 
counting (Lehman & Goodnow, 1972), children also sometimes use rhythm. The 
description given by Goodnow is that the children remember the auditory 
series “like a song" and "sing it in their heads". Goodnow alludes to 
the possible use of spatial schema and imagery, when she notes that this 
portion of the psychological literature has never been properly inte- 
grated with modality matching studies. The Kahn and Birch (1968) study 
demonstrates that verbal mediation should be accompanied by imaginal 
mediation in explaining modality matching processes. Indeed, it may be 
that imagery is the most powerful technique for auditory-visual cross-modal 
matching because it supplies the most congruent system of representation 
for comparison with the visual pattern alternatives. Verbal mediation, 
on the other hand, may be the best technique for visual-auditory cross- 
modal matching because of the temporal sequence that would be established 


for comparison to the auditory pattern alternatives. Thus, it is not a 
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question of which mediation is used or is most effective for all tasks; 
it is a question of using the appropriate mediation system for the task 
at hand. 

Having noted the use of verbal and imaginal mediation, however, is 
not to account entirely for the difficulties that some groups of 
children apparently experience in modality matching tasks. Why, for 
instance, are poor readers deficient in modality matching (Muehl & 
Kremenak, 1966)? Why do language-delayed children also have this 
problem (Holloway, 1971)? Ostensibly, poor readers could utilize these 
mediation devices as well as normal readers, and the language-delayed 
children should still have some access to “ieee processes. At this 
point only conjectures can be drawn, but a central theme in these 
questions appears to be the problem of order of events (see Elliott & 
Trahiotis, 1972; Kallan, 1972). An assumption in the cross-modal matching 
tasks is that the order of stimuli clusters can be "held" as the matching 
takes place. The significance of order in modality matching alternatives 
has been noted by Garner (1970), who supplies evidence showing that 
symmetric patterns are consistently found to be easier to match than 
asymmetric patterns. The relative ease of a symmetric pattern may be 
due to the fact that only one half of the order of the pattern must be 
grasped; the other half is simply a reflection of the first. The problem 
of order, then, could explain why language in poor readers does not appear 
to aid them in modality matching. For language-delayed children, their 
lower performance in modality matching tasks may be not so much a result 
of poor language development as it is a result of basic cortical problems 


in temporal ordering of events. This is a classic problem of cause and 
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effect in correlational data. The possibility noted here is that 
reading difficulty, language difficulty and modality matching difficulty, 
for some particular groups, may be due to a common cause. Rather than 
being causes of others, a dysfunction in the serial order of behavior 
(Bryden, 1967; Lashley, 1951) may be the central cause of each problem. 
In summary, this section has determined that verbal and imaginal 
mediation, as two particular cognitive strategies, play a significant 
role in modality matching performance. A final point to examine is how 


this performance relates to broad levels of intellectual functioning. 


Relationships to intelligence 

For purposes of the present study, intelligence has been defined 
operationally as the score obtained on a general intelligence test. 

The only indicators presently available of the relationship between 
intelligence as so defined, and modality matching ability, are 
correlational data from a variety of subject groups. 

Birch and Belmont (1964), in their seminal paper on auditory-visual 
integration as related to reading achievement, note that WISC scores 
correlate slightly with auditory-visual modality matching in the manner 
shown in Table 5. Subjects were 150 low reading achievement children, 
for whom the mean IQ was 96.7 with a standard deviation of 10.3, and 50 
normal readers for whom the mean IQ was 110.8 with a standard deviation 
of 11.6. The correlational data above are for the total group of 200 
children; the magnitude of correlations for a normal group would be 
somewhat lower due to the pooling effect of disparate means. 


Birch and Belmont studied these relationships again in later papers 


i ' J L . ; 
4* 7 


ust fidfeageq af sted f Botts fav10> nt 339119 A 


yD Ors 4 : WJ yi rt p 933 peupris h “vaTwottthd 0 patbss a 7 


4 - a _ “ e aa The . * 2 ” 3 7 
02 6 of Sub od yen .2quotwp Wlbartvse ee a 
i" = 


: ~T a : ~ : 4 a. sas 
“OD Oat fh yor mit2vD 6 , 2? rans0 TD 23 


4 ,23fpstaise ovisinpes 16 1u9t316q “owh 26. 
akin 


nemioyeg prttotem ytiisbom wl: 


’ 


a 
4 ~ ; ‘ _? hs ae ae oa ie - 
. > . P . sr eyew ot + ~~ Poe + rN d orn 
: 7 | ava! beord of 2o%6%o4 oe tf 
; _ > 
goneptfistat of 2qta yer 
8 ~'t-- eo 
- 
s . | ooneotivetat .vbude Snseava saz To 2szoqrug. 107 


: Ce . 7 - 3 , 
7, van i fotnt [svarteo s no bontedda stose ant 26 yl lenotse 
_ . —_= 


i 


zquo%p stootdue to yJofysv s moyT sfsb rence L, O20 
¥ ceca y 
f = er / . 4, : fraarnvr trent: =~ 
eprhuge ; Sal i -)\ Proci } Jnom! $8 bas do rh 
“ od m 


A 92 D2] jon .insmevaetlos’ .ontbset oF botefer 26 nots 
. >a 
rOritt fsbo {suetv-yos this “As tw tt st8 ih 
¢ -mavbi tris Aig evetios pathbesy wol Ge! sow etostdue é oi tists i 
— a 4 b 


s sig 9 H 
6 fot w 1.08, e5w OL Nba ont by _ 
tis >*, 

wires 
abe ot on 


me ate 


aT Oo 
sien r= * 


_ 


46 
Table 5 


Product-Moment Coefficients of Correlation Between 
Auditory-Visual Score and WISC IQ for Normal 
and Retarded Readers 


Tests Yr 
A-V vs. Full Scale IQ . 38 
A-V vs. Verbal IQ 21 
A-V vs. Performance IQ OU 


(Birch & Belmont, 1965b; cf. 1965a) and obtained slightly higher results 
for the OTIS quick scoring test of intelligence and several other 
intelligence tests that they do not specify. A total of 220 children 
were involved in the study, with samples from grades K-6. Their 10 item 
A-V modality matching test was correlated with the IQ measure for each 
grade, with the results as noted in Table 6. An interesting pattern in 
this set of data is the relatively steady increase in the magnitude of 
the correlation coefficients up to grade 3. The decrease after that 
point is a result of Birch and Belmont's faulty design of the A-V 
instrument; at the higher grade levels there is a severe ceiling effect 
which reduced the variance by grade and tnus lowered the magnitude of 
the correlations. 

As noted, these studies by Birch and Belmont are methodologically 
slightly unsound. A study by Ford (1967) has been conducted in order to 
correct some of these faults. Ford used 121 grade 4 boys with an IQ 
range on the Henmon-Nelson intelligence test of 60 to 141 (mean = 106.17; 


standard deviation = 14.61). Ford also used a 20 item version of Birch 
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Table 6 


Product-Moment Correlation Coefficients 
Between IQ and Auditory-Visual Pattern 
Test Score by Grade 


a 


Grade N r p 
K 30 11 Nie 
1 30 = 56 <.01 
2 ae hes 42 <.05 
3 30 rO/ 20) 
4 35 4] <.02 
5 35 . 34 <.05 
6 eo* Jc0 ts. 


*IQ score unavailable for one subject 


and Belmont's test, with four response alternatives per item rather than 
three. The correlation between IQ and A-V performance was found to be .34. 
Graham Sterritt and Mark Rudnick at the University of Colorado have 
also conducted several studies on A-V matching performance which improve 
on the methodological inadequacies of Birch and Belmont's research. 
Rudnick and Sterritt (1966) devised three tests, all of which employed 
the same three choice visual pattern response format. The first test, 
which was the standard Birch and Belmont test, was rhythms tapped out by 
a pencil (B-B); the second was tone patterns played via headphones (A); 
and the third was a light sequence flashed by a single bulb (V). Subjects 
were 36 boys in grade 4, all of whom were administered Form IIIA of the 


Lorge-Thorndike Intelligence Scale. The verbal (V), nonverbal (NV) and 
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total (T) mental age scores intercorrelated with the three tests as 


shown in Table 7. 


Table 7 


Intercorrelation of Mental Age 
and Perceptual Test Scores 


B-B V A 
V wae 47 ~45 
NV 46 46 OU 
T ae 49 Be 


Rudnick, Sterritt and Flax (1967) repeated this design for a group 


of 30 boys in grade 3, with somewhat lower results (see Table 8). 


Table 8 


Intercorrelation of Mental Age 
and Perceptual Test Scores 


B-B V A 
V nec Toye hG 
NV 42 4] oe 
fli 40 43 iil 


It should be noted that the higher correlations obtained by Sterritt and 


Rudnick, as listed in Table 7, are a result of using mental age as a 


variable rather than IQ. This is a reflection of the developmental 


trends that have been discussed in a previous section of this review. 


49 
Birch and Belmont (1965a) note this fact in their data on 218 normal 
children. Chronological age and mental age correlated .73 and .79 
respectively with A-V performance, but IQ correlated only .29 with A-V 
matching. 

The conclusions that may be drawn from these studies must be 
tentative at best. It is indicated that auditory-visual matching 
processes account for only a small portion of the variance in omnibus 
intelligence tests (cf. Jorgenson & Hyde, 1974). This is hardly 
surprising, for the same would probably hold true for any rather 
homogeneous test of a similar nature to the modality matching task. 

Yet Jensen (1969) states that modality matching-specifical ly 
cross-modal matching--is the key indicator of basic intellectual 
functioning: 


It seems evident that what we call general intelligence 

can be manifested in many different forms and thus permits 
measurement by a wide variety of techniques. The common 
feature of all such intercorrelated tests seems to be | 
their requirement of some form of “reasoning” on the part 
of the subject--some active, but usually covert trans- 
formation or manipulation of the "input" (the problem) in 
order to arrive at the “output” (the answer). The 
conceptually most pure and simple instance of this key 
aspect of intelligence is displayed in the phenomenon 

known as cross-modal transfer. This occurs when a person 
to whom some particular stimulus is exposed in one sensory 
modality can then recognize the same stimulus (or its 
essential features) in a different sensory modality3 ... 
How does the child manage to show the cross-modal transfer? 
Some central symbolic or "cognitive" processing mechanism 
is involved,which can abstract and compare properties of 
"new" experiences with "old" experiences and thereby invest 
the "new" with meanings and relevance. Intelligence is 
essentially characterized by this process (pp. 10-11). 
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SNote Jensen's confusion of terminology. By his description, this 
is cross-modal matching, not cross-modal transfer. 
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At this point the magnitude of the confusion with respect to the 
psychological significance of cross-modal matching ability is apparent. 
There is yet to be a study designed that explicitly explores the 
relationship between broad levels of intellectual competence and modality 
matching ability. The research cited in this section includes some 
information as a routine portion of data analyses intended to meet other 
objectives. Furthermore, simple correlational analysis has been used in 
all of these studies, which has resulted in very little information. 
Almost nothing is known about how different IQ groups may vary in 
their facility with modality matching tasks or, more importantly, how 
the strategies utilized to solve modality matching tasks may vary across 
IQ groups. (See Lucas [1970] for a very brief discussion of modality 
matching in mental retardates.) The important question is: Given that 
IQ is an omnibus assessment of the general level of a subject's 
intellectual functioning, when subjects are grouped by IQ levels, do 
the groups use the same or different strategies to solve modality matching 
tasks? Alternatively, does the notion of IQ assessment mask important 
differences among individuals with respect to their approach to modality 
matching and, if so, what is the theoretical significance of modality 
matching tasks that is currently lost in their nebulous relationship to 
IQ assessment techniques? The studies cited here hardly begin to answer 
these questions. Jensen's (1969) remarks, as curious as they are with 
respect to the fact that he musters no empirical support for his 
statements, supply some of the basic impetus to explore the issue further. 

As an overview, the problem to this point has been cast as one of 


determining the relationships and significance of modality matching 
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5] 
ability to broad levels of intellectual functioning. The evidence 
appears to indicate that a significant portion of these differences may 
lie more in the manner in which a subject copes with the principal 
dimensions of space and time (that is, uses spatial schema and temporal 
sequencing in cognition) than in any specific ability measures as such. 
Stated another way, the problem appears to be one of cognitive style, 
for the strategies adopted by the subjects in approaching the task appear 
to predict their success better than any other known determinant. 

The study of cognitive styles in psychology has been, of course, 
an eclectic endeavor (Kagan & Kogan, 1970). Indeed, one may turn to 
this area with some considerable trepidation. The principal notions of 
Space and time, however, serve as limiting and directional cues in 
guiding a search for a set of yee constructs in which they may 
be, in turn, embedded. This review will now turn to a particular theory 
which appears to satisfy these requirements to a greater extent than 
others presently available. This theory is conterned with the manner in 
which information may be represented and processed and, as will be 
demonstrated, appears to be very closely linked with the etiology of 


modality matching tasks. 
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Information Processing 


Simultaneous and successive syntheses 


Any theory of mental abilities which concerns itself with the notion 
of information processing must necessarily hypothesize constructs which 
account for the arrangements and transformations made upon cognitive 
content. It is the case, of course, that these postulated mechanisms 
must be able to account equally well for the processing of content which 
is of highly complex forms as well as of elementary varieties. 

Luria (1966a, 1966b) proposes that the processing of the cognitive 
content of the brain is accomplished via the employment of a series of 
exteroceptive, proprioceptive and interoceptive analyzers, which 
collectively synthesize input into various forms. As organisms of 
increasing order on the polygenetic scale are considered, it is found 
that the cortical placement of these analyzers tends to become distinct. 
In the human brain the analyzers are identifiable in terms of cortical 
localization and work in conjunction with one another by way of "over- 
lapping zones". Through the functions of these zones, integration of 
content is accomplished. For purposes of this discussion, it is the 
forms that these integration processes take that are of importance. It 
is postulated that there are two basic forms of information processing: 
Simultaneous and successive. 

Simultaneous integration refers to the synthesis of separate elements 
into groups, these groups often taking on spatial overtones. It is 
hypothesized by Luria that these syntheses are of three varieties: 

(1) direct perception: the process of perception is such that the 


organism is selectively attentive to the stimulus field. Thus, those 
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53 
parts of the field which are salient for the subject are attended to 
first and with maximal attention. The result of this process is the 
formation of a synthesis of the stimulus input in the brain. According 
to Luria, this type of formation is primarily spatial, even in the case 
of the acoustic analyzer: 

Our hearing distinguishes not only timbre and pitch 

relationships, rhythms and accents, but also simultaneous 

associations of sounds, or chords; finally, our hearing 

always relates a sound to a certain point in Space, or in 

other words, it incorporates the stimulus into a scheme 

of spatial relationships (1966a, p. 75). 
In the case of simultaneous stimulus input in two or more modalities, 
the process is more complex, but the principle is said to remain the 
same. (2) mnestic processes: the organization of stimulus traces from 
earlier experience can take place in a Simultaneous fashion. Examples 
of this type of integration are the construction of the gestalt of a 
visual image by the subject when portions of the mage are shown 
consecutively, and the organization of consecutively-presented words 
into a group on the basis of a criterion. Further features of this 
variety of simultaneous integration which are implied by Luria are that 
the stimulus traces employed can be either short-term or long-term, and 
the integration of the traces is performed on the basis of criteria 
which may be specified by either the organism or an external source. 
(3) complex intellectual processes: in order for the human organism to 
grasp systems of relationships, it is necessary that the components of 
the systems be presented simultaneously. In this fashion, the relation- 
ships between components can be explored and determined. Luria notes 


that the use of spatial representation is an aid in this process, for 


when a unitary representation of components is formed, the system is 
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54 
readily "surveyable". An example of this process is the perception of 
language. As grammar is decoded by the organism, logical-grammatical 
relationships are established which interrelate syntactical events in 
order to reach conclusions. Finally, from this example it is evident 
that the three forms of synthesis which have been discussed--perceptual, 
mnestic and complex intellectual--are not independent. For the most 
part, the first two forms of synthesis can be viewed as the foundations 
of the third. 

Successive information processing is identified by Luria primarily 
in terms of temporality. It can be construed heuristically as a "chain" 
which expresses the serial order of components and the "links" which 
connect the components. The important distinction between this type of 
information processing and simultaneous processing is that in this variety 
the system is not totally surveyable at any point in time. Rather, a 
system of cues consecutively activates the components. Similar to the 
case of simultaneous information processing, Luria identifies three 
varieties of successive processing: (1) sensorimotor: these are sequen- 
tial acts which have become highly internalized and are generally known 
as habits or unconscious actions. Examples of this variety of successive 
synthesis are abundant, two of which are walking and writing. 

(2) mnestic: this type is best represented by the example of rhythmic 
or tonal melodies. Each note acts as a cue to identify the next, thus 
evoking a complete chain of mnemonic aids. (3) complex intellectual 
processes: the most obvious example of this variety of successive 
information processing is human speech. The structure of grammar is 


such that the processing of syntactical components is dependent upon 
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55 
their sequential relationships within sentence structure. This example 
of human speech also serves to point out the relationship between the 
three varieties of successive information processing--as in the case of 
simultaneous synthesis, the first two varieties play a major role in the 


third. 


Factor analytic research 


Luria's theory of simultaneous and successive syntheses appears to 
have existed almost unnoticed in North American psychology. Recently, 
the theory has been extended through factor analytic work by J. P. Das 
and his colleagues (Das, 1972, 1973a, 1973b, 1973c; Das, Kirby & Jarman, 
1975; Das & Molloy, 1975). Some studies which are exemplary of this 
research will now be described. 

Das (1973c) used a battery of eight tests in a study of 60 high and 
low SES grade 4 children of normal intelligence range, in order to 
examine information processing. These tests are described in the 
present discussion in Chapter IV. Das also included school record IQ 
scores and achievement scores for mathematics and reading. The data was 
intercorrelated and after principal components analysis was rotated by 
varimax. The factor matrix which was derived is in Table 9. 

Several points are of interest with respect to these results. It 
is evident that Raven's Progressive Matrices, Figure copying and Memory 
for Designs load on the factor which Das has designated as simultaneous 
synthesis. Visual Short-term Memory, Serial recall and Free recall load 
on the successive factor. The speed factor is defined by the Word 
reading test and the school achievement factor is defined by the IQ and 


achievement scores. 
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Considering the simultaneous factor first, an interesting feature 
of the results is that the Memory for Designs test, which is a short- 
term memory test, loads together with Raven's Progressive Matrices, the 
latter of which is often regarded as the purest possible test of abstract 
reasoning. The previous review of Luria's research has intimated that 
Simultaneous synthesis could be present in both reasoning and memory 
tasks, through the conceptual and mnestic varieties of these syntheses. 
This is demonstrated empirically in this factor. Despite the temptation 
to label Factor III as a reasoning factor, then, as would be traditionally 
done in view of the Raven's test acting as a marker test, the interpreta- 
tion of simultaneous synthesis iS more congruent with the nature of the 
tests. The factor describes the formation of spatial schema, with these 
schema being used for both reasoning and memory tasks. 

The successive factor also demonstrates some interesting features. 
Visual Short-term Memory and auditory short-term memory (Serial recall 
and Free recall) both define a process which is apparently not modality- 
Specific. The common characteristic in these three tests is sequential 
ordering of events. The nature of the stimuli vary considerably, but the 
Strategy of processing is similar for all tasks. 

The speed factor, which is identified by Word reading, appears to 
indicate that one's tempo of processing information is not a necessary 
defining feature of either simultaneous or successive synthesis. This 
factor has emerged fairly clearly as separate from these modes of 
processing and, as a consequence of the rotation procedure, is 
uncorrelated with them. 


Of special interest is the school achievement factor. The IQ scores 
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58 
which were included in the data analysis were from the Lorge-Thorndike 
test of intelligence and thus the total score included performance scores 
and verbal scores. It might be expected from past factor analytic work 
that the IQ test would align itself with Factor III, in the event of this 
factor being interpreted as a reasoning factor. It was indicated in the 
discussion of intelligence early in the preceding review of literature 
that IQ tests are often thought to be tests of abstract reasoning or 
conceptual problem solving. And yet the IQ-school achievement factor 
has emerged as clearly defined and uncorrelated with simultaneous 
synthesis. Indeed, the factor is clearly differentiated from successive 
synthesis as well. One possible interpretation of this is that 
Simultaneous and successive syntheses are information processing 
strategies which may be used by all individuals in a normal intelligence 
group irrespective of their placement in that group. This is only 
tentatively indicated, however, for the range of IQ scores used in this 
study was not wide, and this conclusion is limited to this range. 

A test that has not been mentioned is cross-modal coding (cross- 
modal matching). In the study reported by Das (1973c), the Birch and 
Belmont (e.g., 1965b) version of this test was isedteyitn the subjects 
required to find the correct visual pattern in a set of three alternatives 
following the presentation of an auditory stimulus. The review of 
literature on modality matching indicated that the principal dimension 
of individual differences in this type of task may be the spatial-temporal 
switching that is necessary in the cross-modal case. In Das' study, 
stimuli were presented temporally and had to be matched with their spatial 


counterparts. It has been stated that the generic feature of successive 
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Synthesis is temporal ordering of events. For simultaneous synthesis, 
it is the organization of spatial schema. One might expect, then, that 
if these two constructs were validly represented in the factor analysis 
reported by Das (1973c), and conversely, if the spatial-temporal 
dimension is the dominant dimension of individual differences in cross- 
modal matching, that the matching task would load almost entirely and 
equally on these two factors. That is, because the test involves temporal 
ordering of stimuli, followed by a switch to spatial composition of the 
Stimuli for matching purposes, these two aspects should be reflected 
equally in the relationships of the test to the successive and simultaneous 
factors. Table 9 reveals that this is exactly what has occurred. 

The constructs of simultaneous and successive synthesis, as 
described in the study by Das (1973c), have been verified in later 
research (Das & Molloy, 1975). The Digit span test from the Wechsler 
Intelligence Scale for Children was added to the set of tests used 
previously, to form a slightly expanded test battery for successive 
synthesis. The subjects were grade 4 boys defined by Lorge-Thorndike 
verbal IQ scores in the dull normal range. 

The factor matrix from this study by Das and Molloy (1975) is given 
in Table 10. As noted in the table, the factors for simultaneous and 
successive syntheses and speed emerged clearly in this study, with Digit 
span loading on the successive factor as expected. Also, cross-modal 
coding loaded on the simultaneous and successive factors, although the 
loadings for this test were not as symmetric in relation to the two 
factors as had been found previously (Das, 1973c). Possible reasons for 


the changes in factor loadings for this test will be noted in subsequent 
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discussion. 

It is evident that there are many possible ways of extending and 
viewing the constructs of simultaneous and successive syntheses. An 
interesting question to be asked, for instance, is the extent to which 
these modes of processing information may be taught or developed. That 
is, if the two types of syntheses represent a style of cognition, rather 
than a stabilized "ability" in accord with the traditional view of mental 
abilities, can they be developed by certain teaching techniques? 
Krywaniuk (1974) investigated this possibility in the context of a 
remediation research program for 40 Canadian Indian children. Pretests 
on the children indicated that they had high scores on the performance 
section of the Wechsler Intelligence Scale for Children (WISC) and the 
Raven's Progressive Matrices, suggesting that their spatial abilities 
were adequate. However, results on the WISC verbal and the Schonell and 
Serial Learning tests indicated difficulties in the verbal-sequentia] 
area. The children were then divided into experimental and control 
groups by matching them on the WISC scores, with the experimental group 
receiving instruction in verbal-Ssequential strategies. The instruction 
included the use of: (1) Sequence Story Boards, which use 12 pictures 
to be arranged in order to make up a story; (2) Parquetry Designs, which 
are geometric figures to be fitted together to make a design; (3) Serial 
recall, which was practice in the recall of a series of 12 objects after 
they had been removed from sight; (4) Coding, which was a system of hand 
and knee "claps" coded for dots and squares respectively, and presented 
in a fashion similar to cross-modal coding; (5) Matrix Serialization, 


which was specific practice in reading and recalling the order of 
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presentation of the digits in the Visual Short-term Memory test, and 
(6) Filmstrips, which were a series of films on Visual Discrimination 
and Spatial Orientation, Visual-Motor Co-ordination, Visual Memory, 
Figure and Ground, and Visualization. 

Prior to instruction, both groups had been given pretests on the 
battery of instruments that have been discussed previously. Following 
the remedial experience, which was approximately 15 hours for the 
experimental group and three hours for the control group, the battery 
of tests was given again. Pretest and posttest principal components 
analyses were done. Among the findings was the fact that the Progressive 
Matrices shifted its loadings more clearly to the simultaneous factor ~ 
following intervention. The Visual Short-term Memory test, which had 
loaded on the speed and simultaneous factors in the pretest, shifted its 
loadings to the successive and simultaneous factors. These shifts were 
consistent with the nature of the intervention program and resulted in a 
factorial definition of simultaneous and successive syntheses which was 
comparable to that found in Caucasian children. The study, therefore, 
demonstrated the efficacy of teaching these basic strategies and 
encouraging their use. 

Of particular interest to the present study is the nature of 
group differences as defined by IQ tests in the utilization of 
Simultaneous and successive syntheses. Research inthis area is limited 
to a single study by Das (1972), in which 60 nonretarded children were 
compared with 60 retarded children on a subset of the battery of tests 
that has been used in the previously mentioned studies. The retarded 


children were matched on mental age (MA) with the nonretarded children; 
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the mean IQs of the groups were 67.08 and 91.56, respectively. In the 


results. t-tests between the groups indicated significant differences 
for all instruments. A principal components analysis was performed for 
both groups, the results of which are presented in Table 11. 

The patterns of process differences between the two groups are 
Similar in some tests but dissimilar for others. The tests which show 
differences are the Graham-Kendall Memory for Designs, Cross-modal coding 
and, to a lesser extent, Visual Short-term Memory. The main marker tests 
for Simultaneous and successive syntheses have similar loadings for the 
retarded and nonretarded groups. 

There are some curious trends in these patterns. Memory for Designs 
has been shown in nearly all other studies by Das to load strongly and 
negatively on the simultaneous factor. Its negative loading is to be 
expected, because the test is scored for errors, not correct responses. 
In the study discussed here, Memory for Designs has a strong positive 
loading on the simultaneous factor. A further anomaly is the Cross-modal 
coding test. For the nonretarded children this test had its principal 
loading only on the simultaneous factor. For the retarded children the 
test loaded approximately equally on the simultaneous and successive 
factors. One might have expected the reverse to be true for these two 
groups, given the earlier discussion regarding simultaneous and successive 
syntheses both entering into the cross-modal matching tasks. It should 
be recalled, however, that the nonretarded children still performed 
Significantly better on the task than did the retardates. 

This study by Das (1972) indicates that process differences of some 


type do exist between retarded and normal children. The nature of these 


a 


i246 


i 


‘ows seers 


ov fe _ i 


hi 


a, 


ve be 


: o- 


ch 3) 


' 
Ls 


"4 


> 
‘ 


evi WG 27nsroegnoes ESOTIATYG A 2a yomury 2ar [he vr 


ra 
‘ 
~ 


‘ - , ‘ " : - se 
Apre beteofbnr equowp odd nsewhsd etest-3 .edives 


at batnozsq svs Aotdw to esvfvesy ond -2quowe sitod 


. 2 1T av 229902 bas 2v 
| es: ; ad.” 

~ »equotp babvesorio f i bins babveds 
ott nf abneyt evoriwws smo2 $4 
os vd & sigo [fs ¥lysan atom 

g 1OF 561 evoOsN wane: 

fs ot baiose ef Jest sid Ss 
fd enotzed io? yromeM” so 15K Me: 
6 Tors Ww 4029 evosns3 tu unk @ ait a 


mets brspor noteanaeth fad 


5 ; se 
Peer ey Tsbon- vay ots : 


i 

in hctan Gea? ow al 

32.18 bre 80.18 svew equoyp oft to ee ‘a ~~ 
Ween? 


f eee 


nou 1 eponstatt tb 22es04g: 10 emistisq edt 


‘ ag - 

. bile . MEU a 

‘ot seni fmreetb dud 2gest smoz 
; 
e = P 
i if sbasd Hee Ie SHI 9 
San : ay) 
© ron a: 2ry .3neIKs 


wt 2tdd naribirds bsbrsdSs ner nt a0? 2260 ot 


it | 3 2yoons? | wank e odd ro a on tbs 
— ~, "le 7 1 
stfumfe aris ‘Ti sups ylosemtx 
a : : - me _ 
OF 92°19VS1 Ons ost S9QKS ey “ TRQK ees 


, a4 


= pO © Le | 
% fn 


64 


obe Le Zuaw uo peut 


ua4PLLYD € pue Z apesy, 


paz7}Wo s|euLoeq, 


6£0°¢ CL tee 61S a1 966°L BIUP LARA 
958 €v0 LGL €20 LLb904 ved4 
G58 80 €89 vSL LLP9e4 LeLuas 
L8P cog v6¢ €69 AAOWSW UUN9Z-JAOUS LENSLA 
280 90S 0z0- Zvl BuLpod |epou-ssou9 
SPAS 62S 9L1 c6P Pp4oded LOOYDS WOUJ BU0dS YJ 
L90- 0€8 61S 692 subisaq 40} Avouiyy 
100 93/ LOL 261 SIOLUZEW BALSSAUBOUg S$, UaAPY 
BALSSBDINS  snoauez[Nwis BALSSB8OONS  snoauei{NuLs 753] 
I] 40z9e4 [eu0joe4 Te J0nDe4 [ 1029%4 
ghePrer2U pPaPsezauuoN 


pUOLZEPOYN XCWLURA YY ZUeUPL LY PaepuezZeuUON QQ puR 
papuezey O09 JO Sdu09S 4Sa] VALZLUBOD Jo sLSA]|eUY uo IDe4 


LL PL9gel 


ane 


ar 0d ° —— ae FS PIpO 7 
ratgeIO8 ‘xentt | Fat i nicer 
= oe =~ =e 


—— my —— 2 m 


om = — - 
aie P| b 8 a 7 ae — 
bon} ~ bat be al o ib eee nowy 7 a x 7 
’ _ ——_ MS J ass A x A bab- 162 } Ss rT an - = . on 
a : — ie ate 7 . 
| een eae nia ei aga 
: c > 4 =nthet Po ee, ut 
<i 77 . pA ars 1T »=pt%4- | &n } 
7 ~ 63961 i ‘G64 ae | i AY 0 i ie wey 6 
s —_— ? fact ae (stn “se > ean ’ iG . wre 4 z 
$yv e2e0sne ZyGGnAay} umic BVT228399U,. ot Ste 3 pun if f 
. ; j > 


— emia 65 ae — oo ee yo — —— — ciiadnestneenae "3 
‘ ; — “ 


eo 2 ~ 
ane +t 2 , 
y= a eA j - 
fn uf a 
t * _ 
Dot , : 5 j INOS 
exec 
‘ 
= ~ 
A T 
( 
P j a 7 


65 


differences, however, is not clear. The battery of tests used in this 
study was a reduced set and therefore some of the anomalies of the 
results are likely due to the fact that the factors could not emerge 
clearly. One purpose of the present study is to delineate the nature 


of these factors more explicitly for different IQ levels. 


Model of information integration 


The factor analytic extensions of Luria's (1966a, 1966b) clinical 
research that have been described briefly in the previous section have 
been summarized recently by Das, Kirby and Jarman (1975). As a method 
of synthesizing their research, as well as generalizing to other areas 
such as memory, imagery and language, Das et al. have proposed a model 
of information integration. This model is described here in completion 
of this discussion of information processing. Much of the following 
description is verbatim from Das, Kirby and Jarman (1975). 

As demonstrated in Figure 2, the model of information integration 
contains four units: the input, the sensory register, the central 
processing unit, and the unit for output. 

In the input unit, a stimulus may be presented to any one of the 
receptors, extero-, intero- or proprioceptors, and within the extero- 
ceptors to any one of the sense modalities. Further, the input can be 
presented in a parallel (simultaneous) or a serial (successive) manner. 
The stimulus is registered immediately by the sensory register and may 
be passed on for central processing. 

In this process, the sensory register acts as a buffer, from which 
the central processor may receive information in one of two ways. When 


information is transmitted, the central processor may interrogate the 
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Figure 2. Model of information integration 


67 
buffer to see if anything is there, or alternatively, the buffer may 


interrupt the processor to force it to accept information. The latter 
would occur more frequently perhaps, because sensory information cannot 
be delayed. 

Of particular interest is the form of information representation in 
the sensory register. There is a substantial body of evidence in North 
American literature on serial and parallel processing to suggest that 
the sensory register may not be limited to serial processing of informa- . 
tion. Sperling (1960), for instance, has shown thata 3x 4 visual array 
is not retained as a sequence, but rather as a simultaneous icon; thus, 
Stimuli of a complex nature are also processed in the sensory register 
in parallel (Averbach & Coriell, 1961; Averbach & Sperling, 1961; Neisser, 
1967; Sperling, 1960). They may then be "read out" serially into the 
central processing unit. Such an account is consistent with most modern 
theories of memory (e.g., Atkinson & Shiffrin, 1968). 

The central processing unit has three major components: that which 
processes separate information into simultaneous groups, that which 
processes discrete information into temporally organized successive 
series, and the decision-making and planning component which uses the | 
information so integrated by the two other components. The processing in 
these components is not affected by the form of the sensory input--visual 
information can be processed successively and auditory information can 
be processed simultaneously. It is suggested, following Luria (1966a), 
that these components can be identified with the functions of specific 
parts of the cortex--the occipital-parietal area has evolved to specialize 


in simultaneous synthesis; the successive is located in the anterior 
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regions, particularly in the fronto-temporal area. Both of these are 
concerned with coding and storage of information; they do not plan, 
regulate, or control conscious behavior. That function is carried out 
by the frontal lobe as suggested by Luria on the basis of clinical 
observations. 

The model assumes that the two modes of processing information are 
available to the individual. The selection of either or both modes 
depends on two conditions: (a) the individual's habitual mode of 
processing information as determined by social-cultural and genetic 
factors, and (b) the demands of the task. 

The third component, which could be labeled thinking, uses coded 
information and determines the best possible plan for action. Perhaps 
it is also crucial for the emergence of causal thinking which Hess (1967) 
describes as "an integrative activity which brings simultaneous and 
successive patterns of nervous excitation into a subjectively meaningful 
frame of reference (p. 1283)". Both simultaneous and successive 
processing can be involved in all forms of responding. This is the 
case irrespective of the method of input presentation. Perhaps Lashley's 
(1951) work is relevant to the decoding or behavioral part in serial 
tasks. Serial ordering of behavior may not depend either on the manner 
in which information was coded or the motor aspects of the behavior 
itself. The output unit, then, determines and organizes performance in 
accordance with the requirements of the task. For example, in memory 
tasks a subject may be required to recall serially or recall the items 
in categories supplied by the experimenter; thus, appropriate output 


organization is necessary. 
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In summary of the model, therefore, information may be represented 
either simultaneously or successively in all four units with an interchange 
in the form of representation between units. Thus, the model subsumes 
the North American research on serial and parallel processes, incorporates 
the classical philosophical issues of space-time relationships, and 
perhaps most interestingly it addresses the question of selected types 
of cognition and brain localization. The central issue raised by the 
model in this latter area is the role of the brain hemispheres in 
Simultaneous and successive processing. Luria's (1966a, 1966b) research 
is based on lesions of the left hemisphere only. In contrast, Ornstein 
(1973) has summarized a series of themes in philosophy and psychology 
related to left-right hemispheric differences, the essence of which is 
the theme for a growing body of research in psychology: 

The left hemisphere is predominantly involved with analytic 

thinking, especially language and logic. This hemisphere 

seems to process information sequentially, which is 

necessary for logical thought since logic depends on 

sequence and order. The right hemisphere, by contrast, 

appears to be primarily responsible for our orientation 

in space, artistic talents, body awareness and recognition 

of faces. It processes information more diffusely than the 

left hemisphere does, and integrates material ina 

simultaneous, rather than linear, fashion (p. 87). 

The operational measures supplied by the current factor analytic 


work may be applied and integrated with some of the research quoted by 


Ornstein and others in the near future. 
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Summary and Conclusions 


The preceding review of literature has dealt with three topics: 
intelligence, modality matching and information processing. The main 
points that have been noted will be stated briefly here. 

Intelligence, as defined by IQ tests, is a sampling of general 
cognitive skills which is very broad in terms of developmental periods 
and test content. These tests sample levels of knowledge that have been 
transferred and refined from earlier and current developmental stages, 
and have been selected to have predictive validity for school-oriented 
behavior. A score on an IQ test does not indicate a fixed level of 
intelligence, capacity for learning, aptitude, a central force like "g" 
or a measure of behavior beyond the test content. The distinction 
between prediction and explanation points out the technical efficacy of 
intelligence tests which coexists with their explanatory weaknesses. 
That is, the tests have been shown to be strong empirically as 
predictive instruments. Masked in their classification of individuals, 
however, is the most important explanatory information on how the 
processes which have led to certain responses vary across individuals 
and groups. For the latter reason, intelligence tests alone supply 
little or no valuable psychological information. They may be used 
effectively, however, when their technical efficacy for the prediction 
of academic success is applied for the classification of groups, who 
are subsequently studied by other independent research methods. 

Modality matching has been defined as the judgement of equivalence 
of stimuli presented in two modalities. It has been suggested by the 


literature that the main dimensions of matching in the auditory and 
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visual modalities are time and space, and that individual differences 


exist on these dimensions, not in use of the modalities. The ability to 
integrate information in time and space increases ontogenetically at a 
steady rate in children, at least from kindergarten to grade 4. 
Individual differences in auditory and visual memory do not predict 
Skill in these tasks. An area of disagreement in the literature is the 
strategies involved in modality matching, especially with respect to the 
possible use of imagery and language as forms of mediation. A further 
but related area of disagreement is the significance of cross-modal tasks 
as indicators of intellectual development; strong claims have been made 
to this effect, but empirically the evidence indicates these claims are 
Prrcuinded. Further, the significance to intellectual development of 
competence in matching information intra-modally is unknown. 

The model of information processing which is incorporated in this 
discussion is simultaneous and successive syntheses. Simultaneous 
synthesis is a processing strategy in which cognitive content is 
arranged in some type of unitary spatial composite. Successive 
synthesis is a strategy in which content is arranged in a sequential 
order. These two processing types are seen as cognitive strategies 
which are independent of modalities. That is, auditory and visual 
stimuli may be processed either simultaneously or successively. The 
usual. nature of tasks, however, has tended to specialize successive 
processing for auditory and simultaneous processing for visual stimuli. 
Factor analysis has been used to define these strategies operationally, 
and to examine their use across several population parameters. From 


this research, a model of information integration has been developed 
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which can be used as a conceptual framework for the generation of further 


research. 
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CHAPTER III 
PROBLEM 


Statement of the Problem 


The general problem of this study is to determine the relationships 
among intelligence, intra-modal and cross-modal matching, and simultaneous 
and successive syntheses. This problem is composed of two specific 
questions: 

1. What patterns of similarities and differences exist both in the use 
and effectiveness of simultaneous and successive syntheses by 
distinct intelligence groups? 

2. What patterns of similarities and differences exist both in the 
levels of performance in modality matching tasks and the use of 
simultaneous and successive syntheses in modality matching tasks 


for distinct intelligence groups? 


Rationale 


The rationale for the problem is distinct for each of the two 


questions above. 


Question ] 

The first question examined in the study, concerning simultaneous 
and successive syntheses and intelligence, is an extension of research 
conducted by Das (1972). In this study, Das compared the patterns of 
simultaneous and successive syntheses in retarded and normal children. 
The subjects were matched on mental age (MA) with the mean IQs of the 
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74 
groups as 67.08 and 91.56, respectively, for the retardates and normals. 
There are three specific aspects of Das' (1972) study that are 

modified here in order to clarify and generalize his results. First, 

an MA match procedure was utilized by Das. An alternative procedure 

is to match different intelligence groups on chronological age (CA) in 
the course of studying patterns of cognitive abilities (Ellis, 1969; 
Heal, 1970). For purposes of the present study, a CA match procedure is 
useful because it is the characteristics of varying levels of adaptation 
that is of interest in the study; IQ is viewed as a measure of this 
adaptation and therefore as an independent variable, with CA equal for 
subjects in all IQ groups. 

Second, the use of two groups by Das derived its rationale from the 
fact that the study focused on mental retardation. It is possible to 
explore cognitive competence generally by using three groups from a major 
portion of the total IQ range, with a low intelligence group as one part 
of the design. Thus, in the sampling of a range of intelligence, further 
information is supplied on how patterns of cognitive strategies vary from 
below normal to normal IQ, and also beyond into the high IQ range, thus 
making the retardate-normal comparison more meaningful. 

Third, the battery of tests which Das (1972) used in his study has 
since been refined and expanded (Das, 1973c; Das & Molloy, 1975). The 
battery is used in its expanded form here, across the three IQ groups. 

In summary, these three extensions supplement the information now 
available on simultaneous and successive syntheses by: 

1. Studying the characteristics of varying levels of adaptation as 


defined by IQ through matching on chronological age. 
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2. Generalizing the current information to a broader range of adaptation 
through the inclusion of a high IQ group. 
514 Improving the methodology of the past research through the inclusion 


of a larger number of tests. 


Question 2 

The second question examined in the study concerns both the levels 
of performance and cognitive strategies which are characteristic of 
different intelligence groups on the modality matching tasks. In order 
to emphasize the distinction between level of performance and types of 
Strategies, these two aspects of the question are given separate 
rationales. 

The first aspect regarding level of modality matching performance 
and intelligence appears to be basic to any consideration of intellectual 
processes. Birch and Belmont (e.g., 1965b) in all their studies consider 
cross-modal tasks to be key indicators of intersensory development, which 
ostensibly would be the foundation for higher order thought processes. 
Blank and Bridger (e.g., 1964) take the view that cross-modal matching 
involves processes beyond the level of perceptual integration and argue 
that the task is an indicator of basic processes in conceptual develop- 
ment. Rudnick, Martin and Sterritt (1972) have stated that the critical 
dimensions of modality matching tasks are space and time, and that it is 
on these primary orientation dimensions that children vary in their 
facility with the tasks. Jensen (1969) has simply stated that cross- 
modal matching is the single most important indicator of intellectual 
development. 


These statements regarding modality matching are unusually strong 


oid 6 of nebtemotat tnevius edt: paistfsysined 
: f 


quovp OL dptd 6 to noteufont ord query 


al 
to. 


a iad is ie eal + . r a Ae ‘ _ 
ft 329% t26qG oft to yeolohbodgam andj Sh ca 


.2t2sF to  ednwh sop r6! & 


q 


MS SNO: 2 afd af bantmsxs nordepup brosse ont” 


to ose . ‘ | 2atpetavie ovIsiApoo bas sonsmyotysq te 
de - ad m 7 


; 3 = :. ms Pe ye Ny oy) ey ee + * 
a TH i \S ri sbom say no equove sonspritfosar ino aa) 


r + tesa Pa : m 
yn : ; ro ft { sgsweead noryvoris2rb gat 9s 
) = : 
se | bi mms . i+ . 
. - SS 7) 3. 3) 3 JoueS ow’ AZO <2eot 
= 7 a 
; d = 
~ s ! 
— é 
to foveal onfb say toencen 208? 
: VY tavo Dit! DV5P ~ d 298Gc 5 Jeu 


jnomisd. brs ovis . 2922 


stbnt vod ed: of jew thon 20% 
7 ’ 
i 


90°79 tipvorls yebto yaripfA vo? wotdebawot sad se d-biuow \ldtenete ) 


: a ‘swe = - eo: 

logjam [sbor-z2015 Jedd wety sty Stee (POT ..0.9) % opbind bas DS: 

+ 5 pet phy 

ups bos notisyesin’ Tseutqso1eq to fovel Sag bioved 2eeesa019 zovloval 


fi Act cae 


q ssn [ sutqsonos nf 2922890%4 ahead Fo oj sotbri i ne at py - . a 
6 nit on tne 


19 ond ded batete sven 1 (She be sted? bas 


7 163 “t & B a 
at dt tone bas sont bos, sae StS. tad om ti sbom nemt 
Rie Oi , : of 16 ponae ‘ ce yoytedees: $3 fe 


’ od a ae . , Las ‘vo. _ ? 5 

vel avr" . pe eerie y - wo - - . » a. is vou be awit, anaes be mala . a 
iW trond nf ¥V6 éy naibtl | SNOTSANSINES in : mt ‘0m nig seant mn 
; , ev 


76 


with respect to the relationship of modality matching to broad levels 

of intellectual competence. Yet, very few studies exist which examine 
cross-modal matching as related to intelligence. Intra-modal matching, 
which has been studied within only a single level of intellectual 
competence, has received even less attention in this context. Most 
importantly, not a single study exists which examines both cross-modal 
and intra-modal matching among intelligence groups. It has been 
emphasized in the preceding review of literature that inferences 
regarding the significance of modality matching tasks to intellectual 
development cannot be made unless both cross-modal and intra-modal tasks 
are included in the design of the research. It is only through the 
inclusion of all combinations of these tasks that the significance of the 
ability to process information within and between modalities can be 
assessed. This study includes both of these types of tasks in a battery 
of tests administered to three distinct intelligence groups. Together 
these groups make up the major portion of the range of intelligence in 
the general population. 

Thus, the present study actually accomplishes two purposes in 
Studying levels of performance in modality matching as related to 
intelligence. It examines the validity of the claims that have been 
made regarding cross-modal matching and intellectual development, and 
it explores the relative importance of intra-modal matching as compared 
with cross-modal matching in terms of intellectual development. 

The second aspect of the question, which relates to the strategies 
that are used by different intelligence groups in modality matching tasks, 


derives its rationale from the possible isomorphic dimensions that enter 
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into both modality matching and simultaneous and successive syntheses. 
That is, it has been noted that modality matching is a task which 
incorporates the primary dimensions of space and time. Integration of 
information on these two dimensions is the major source of individual 
differences on these tasks, since the role of modalities per se has been 
demonstrated to be negligible. In complement, it has also been noted 
that the primary characteristics of simultaneous and successive syntheses 
are spatial and temporal integration, respectively. These forms of 
integration have been defined operationally in the factor analytic studies 
that have been discussed. 

On the basis of the research reviewed previously, it might be 
expected that temporal modality matching tasks (auditory-auditory) will 
load on the successive factor, spatial modality matching tasks (visual- 
visual) will load on the simultaneous factor, and combinations of these 
tasks (auditory-visual and visual-auditory) will load similarly on both 
the simultaneous and successive factors. These expected factor loadings 
are based on the common spatial and temporal dimensions in modality 
matching tasks and simultaneous and successive syntheses. 

But the possible congruence noted here is tentative. It appears 
from the past factor analytic work that the simultaneous and successive 
factors are more stable than the mediation types that enter into modality 
matching tasks. Das (1972) found that these two factors emerged in 
factor analyses of a battery of tests for retardates and normals, but 
the loadings for cross-modal matching were different for the two groups. 
In fact, contrary to what may be expected, the retardates used both | 


simultaneous and successive syntheses to perform the cross-modal task, 
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while the normals used a strategy that was mainly simultaneous. 

Thus, simultaneous and successive syntheses are apparently more 
Stable in factor analyses than are modality matching tasks. Stated in 
another way, the tests that have been used to identify these two types 
of syntheses encourage their use more strongly than the modality matching 
tasks encourage those strategies that would be expected on the basis of 
their spatial-temporal properties. It has been noted in the review of 
literature that modality matching tasks may be performed by various 
strategies, including a verbal (temporal) type of mediation or an 
imaginal (spatial) variety of mediation. It is apparently the case that 
these two types of mediation are used less systematically or less 
appropriately with respect to the type of modality matching task at 
hand than they are in the tasks which identify simultaneous and 
successive syntheses. 

Rather than modality matching contributing to the operational 
definition of simultaneous and successive syntheses in factor analytic 
Studies, therefore, these tasks are apparently performed by varying 
Strategies. The factors of simultaneous and successive syntheses, on 
the other hand, are quite stable because the tasks used to identify 
these factors are consistently performed by the same strategies. While 
the strategies that are used for the modality matching tasks can be 
postulated a priori on the basis of the spatial and temporal aspects of 
the tasks as related to simultaneous and successive strategies, their 
actual empirical relationships are unknown. Modality matching is a task 
which may be performed by either of these two strategies; the question 


of interest is how the application of these strategies varies among 
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intelligence groups in the course of completion of the tasks. 


In summary, the use of all combinations of modality matching tasks 


for different intelligence groups supplies information on: 


1. The 

and 
2. The 
ove ihe 


and 


validity of claims concerning cross-modal matching performance 
intelligence; 

relative importance of intra-modal matching to intelligence; 
Strategies used in intra-modal and cross-modal matching tasks, 


the relationship of these strategies to intelligence. 
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CHAPTER IV 
METHOD 


The method of investigation consisted of sampling a population in 
order to define three IQ groups, selection and development of tests, 
and the utilization of appropriate testing procedures. Each of these 


steps are presented in the sections which follow. 
Sampling 


In selecting the subjects for the study, a number of criteria were 
taken into account. These criteria were determined by the parameters 
of the population from which the sample was drawn, as well as by the 
requirements of the design of the study. 

The primary selection criteria for the subjects were verbal and 
nonverbal intelligence test scores. The use of IQ as a Starting point 
for the investigation was as a gross measure of intellectual development, 
a point of view reflected by Ellis (1969): "IQ is nothing more than a 
sampling device for selecting populations which vary in level of 
adaptation (p. 565)." The test used for this criterion was the Lorge- 
Thorndike Intelligence test, which is administered annually in the 
Edmonton Public School System and has been noted to have the highest 
reliability of the IQ tests currently in use in Alberta (Ogston, 1973), 
high stability (Eagle, 1966), and high predictive validity using the 
Stanford Achievement test as a criterion (Proger, McGowan, Bayuk, Mann, 
Trevorrow, & Massa, 1971). 

A consideration in the use of IQ as a selection criterion was an 


appropriate range of scores for each group. Beginning with the decision 
80 
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8] 
to utilize three groups in the study in order to be able to draw 


inferences on trends of cognitive processes across broad levels of 
adaptation, it was then necessary to compromise a number of factors in 
order to define the IQ ranges of these groups. It was first decided 

that verbal IQ should be a primary criterion because in previous factor 
analyses it tended to remain somewhat independent of simultaneous and 
Successive processing; performance IQ on the other hand tends to load 

on a simultaneous factor (Das & Molloy, 1975). The limits of verbal IQ 
for the low IQ group were then set at 7-90 nna thas range was chosen for 
several reasons, including the fact that it allowed sampling from 

normal classes only, thus avoiding any potential special class effects, 
but still supplied enough within-group variance in IQ to avoid unduly 
restricting the correlation of IQ scores with other measures. Also, use 
of this range for the low verbal IQ group allowed symmetric sampling of 
the balance of the IQ curve for the other two groups; the verbal IQ range 
for the normal and high IQ groups were then defined as 91-110 and 111-130, 
respectively. Together these three ranges were judged to be sufficiently 
broad for the study of cognitive competence at a general level, and yet 
still narrow enough to avoid severe floor and ceiling effects on the 
instruments, a problem which is common to this type of research 
(Baumeister, 1967). Finally, and most pragmatically, in the planning 
stages of the study the investigator conducted a complete survey of the 
distribution of IQ scores in the city of Edmonton, and found that by 
considering the total sampling criteria of the study the IQ ranges noted 
here were the only ranges within which the subjects could meet all 


criteria. 
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With verbal IQ as a primary selection criterion, it was then 
necessary to consider the implications of concurrent use of nonverbal or 
performance IQ as a secondary criterion. It is well-known that for 
subjects in the low intelligence range verbal skills are the predominant 
source of low intelligence scores. It was expected, therefore, that in 
a survey of the verbal and performance IQ distributions the subjects in 
the low IQ range would tend to have higher performance scores relative 
to their verbal scores than would the subjects in the normal and high 
IQ ranges. It was decided that an upper bound should be placed on this 
trend in performance scores in the low IQ range, in order to retain 
symmetry of sampling in both IQ scores. A survey of the IQ data suggested 
that ranges of 66-95, 86-115 and 106-135 were the most feasible ranges of 
performance IQ for the low, normal and high IQ groups, respectively, given 
all of the additional sampling considerations. The definition of the 


sample by IQ as discussed is summarized in Table 12. 


Table 12 


IQ Ranges for Sample Groups 


Verbal IQ Performance IQ 
Low IQ 71-90 66-95 
Normal IQ 91-110 86-115 
High IQ 111-130 106-135 


These definitions of IQ ranges for use as sampling criteria, in 


turn, evolved from consideration of four additional criteria which were 
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83 
noted as necessary aspects of the sampling procedure. The first of 


these was sample size, which was set at 60 for each IQ group. The 
selection of a group size of 60 was based upon the requirement that 
there be a sufficiently large sample to perform within-group principal 
component and factor analyses. It is often preferred in factor analytic 
studies that a larger group size than 60 be used for this purpose. In 
studies which involve the use of individual tests, however, as was the 
case in this study, a smaller sample size must suffice. A sample size 
of 60 is considered to be minimal, because of error of measurement. The 
standard error of measurement for correlation coefficients (s_.) is 


estimated by (Magnusson, 1966): 


where: p = coefficient of correlation in the population 
N = sample size. : 

Thus, for the sample size to be used in this study, when Si. is at 
maximum (p = 0), the standard error of measurement would be equal to 
approximately 0.13. The size of this error may be larger than is 
preferable for research employing principal components analyses. 
However, Das (1973c) has summarized several studies on the topic of 
simultaneous and successive syntheses, all of which have involved 
comparable sample sizes to the present study, and notes that the 
stability of the factor structures in these studies is very high. This 
indicates that errors of the magnitude noted above are at least not 
critical in studies in this area. 

Second, the sex of the subjects was restricted to males for all IQ 


groups. Thischoice was made in recognition of the difficulties in 


Nie ia a 
| ovg pntf{quse ott to 2309qe6 wieae 
f 
¥ r { a Soins 
} Js ds2 26w norriw alas 9! qn? 26w eo 
| 
| Ww boesd 2ow 08 to este quowp 6 To notsaatse 
5 A%) 
: : he ae ee. 
. iotyeq oF gfqmpe opyef yiia stottwe 6 od 918 it 
a 
it9 Sto 2t 31 -.eeeylens 1039 BY ‘bas Snanoe 
vy od 00 wend este quovo vepie! 6» Jed 
- 
ah 
, = o-oo ae a oF 
ay anit evfovat dorm 
x f A2_%4 cine -¢ vbute ends 
. rw ‘7 le J e, Sm citig 
[suinim od of beveabrenao- 
es me é 
r _ a re ae Ty 
FOIE | ot tnemaiwessm to torre ny 
(300! ,nozeumpsM) ¥ 
- @ : - 
— 7 a Cs 
uqoq : of ri09 Fo 3 weroerter 
-osfe  otqmse! = ” 
6 ) dt nf bee sd oF este atoms: 's 
fsupe od bfuc MOVs 9 tov19 bisbnste sit ,(0 
i ’ aS ‘. : 
) SDE C n VOUIS siradt te gsit2d oT €f.0 yo 
‘ a 
< Hi . 
lsits einonognes | pniyolqns sovesest yor of; 
bn to FGoT ant ny evi Juc sTS9VS2 os ty sme 2a (2eter) 0 so row on 


fovat sven rotd 


26 or b ; 


a 


2 Ine 


" cir Sal york 
Th Piet iege)s 


szarldnye ovte 290002 bint eieat ' shite 


he Pee 1" 
a L* e 
4 eA 


en ony 0 
7 ie i 


84 
pooling groups with disparate means on the instruments for correlational 
analyses. It is likely that sex differences would be found in some of 
the tasks, and if each IQ group consisted of both sexes, within-group 
intercorrelations of the tests would be spuriously affected. 

Third, grade level and chronological age were established as 
grade 4,with age equal across all three groups. Grade 4 was chosen in 
order to allow comparability with previous research on simultaneous and 
successive syntheses (Das & Molloy, 1975). The equalization of 
chronological age across the groups, or CA matching, is an additional 
interesting problem of grade level sampling in circumstances of varying 
ability levels. There are several alternative techniques for approaching 
this problem, the most common of which is to match as closely as possible 
by grade, and then consider additional statistical control (Hopkins, 1969; 
Stanley, 1967). Thus the subjects were selected solely from grade 4, 
and as expected a higher age range was found among the low IQ group. 

Finally, socioeconomic status (SES) was considered in the sampling 
of the population. Although it has been noted in the discussion of 
modality matching that SES could conceivably be a significant predictor 
of performance on this task, this possibility is highly uncertain 
at the present time. A recent study of simultaneous and successive 
syntheses (Das & Molloy, 1975) indicates that SES differences in these 
factors tend to disappear by the time children have reached grade 4. 
The present study involves children of this grade level and therefore 
it is unlikely that SES would be found to differentiate children in the 
use of these strategies. Nonetheless, in order to reduce any possible 


effects, SES was random within a middle range, with avoidance of the 
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85 
selection of subjects from exclusively high or low SES population areas. 


Using the IQ ranges and the additional criteria that have been 
discussed, a three phase procedure was used to identify the subjects. 
First, a list of approximately 400 grade 4 boys was made, with the boys 
distributed roughly equally in the three IQ groups. This list was drawn 
from the school system central office records, and schools in very high 
and very low SES areas were deleted. Next, the principals of the schools 
were interviewed regarding each potential subject for the study and asked 
if any children should be deleted for family or personal reasons. The 
teachers were also interviewed regarding any identified disabilities 
that would require deletion of a child. Finally, each child's cumulative 
record card was checked for any psychological or personal data that 
would require reconsideration of inclusion in the study. 

By this process, 60 grade 4 boys in each of the IQ ranges were 
identified in 19 public schools, and approval was obtained for them to 


serve as subjects in the study. 
Selection and Development of Tests 


The tests used in this study were drawn from three sources and 
comprise a total of 17 measures. These sources include tests that have 
been used previously at the University of Alberta for related research, 
tests which were developed specifically for this study, and tests that 
have been used by the local public school system for general classification 
purposes. In the following discussion, all of these tests will be 
described in the order noted above, with a summary list supplied at the 


end of this section. 
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86 
Selected tests 


The first source of tests was the set that has been used by Das 
(1973c; Das & Molloy, 1975). A battery of six tests, comprised of the 
primary instruments that have been found to identify simultaneous and 
successive syntheses, were selected from this set. In addition, a test 


which measures speed of test taking responses was also adopted. 


Raven's Progressive Matrices. This is a well-known test involving 


the matching ofa colored visual matrix, on which there is a configuration 
of symbols, with its counterpart in a set of alternatives (Raven, 1965). 
The test is generally thought to be a relatively pure culture-reduced 
measure of reasoning. The total score on the test is the number of items 
correct, with a possible maximum of 36. A sample item from this test is 
included in Appendix B. 

Figure copying. The figure copying test was developed by the Gesell 
Institute (I]lg & Ames, 1964), and has been used as a measure of intellec- 
tual ability. The test consists of 10 geometrical figures which are 
presented consecutively to the subject for reproduction while they are 
in full view. A maximum score of two is possible for each item, with a 
test total of 20. Copies of the 10 figures in the test and guidelines 
for administering and scoring the test are in Appendix C. 

Graham-Kendall's Memory for Designs. This test was developed by 
Graham and Kendall (1960) to measure minimal brain damage. A set of 15 
geometric figures, each on a separate card, are presented for five 
seconds to the subject. Following the presentation of each card, the 
subject is asked to reproduce the figure. The total score on the test 


is the number of errors made, as described in detail in the manual, with 
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87 
scores for each item varying from zero for a satisfactory reproduction 
to three for a reversed or rotated reproduction. The maximum score 
which would result from consistent errors is 45. A copy of the 
geometric figures is in Appendix D. 

serial recall. The serial recall task consists of a set of 24 
word lists, with four words in each list. Of these lists, 12 contain 
words which are semantically similar to one another, and the other 12 
contain four unrelated words. The two types of word lists are randomly 
ordered in the test. Each list is presented by the use of a cassette 
tape recording, following which the subject is asked to recall the list 
in the order given. The total score for each list is the number of words 
in the correct position, with a possible total of four per list, giving 
a maximum test score of 96. A list of the words used in the test is in 
Appendix E. 

Free recall. The task is the same as the serial recall task noted 
above, but involves a different scoring procedure. In the free recall 
task all words correctly recalled are given one point, irrespective of 
order of recall. The maximum possible score is 96. 

Visual Short-term Memory. This test was developed by E. Howarth 
and J. Brown of the University of Alberta. Each of the 20 items consists 
of a five-section grid which is presented to the subject for five seconds. 
Following presentation, a two second filler task of color naming is used 
to eliminate rehearsal. The stimuli are single digit numbers and the 
subject is asked to reproduce the digits on an empty grid following the 
filler task. Each digit in the correct location is scored as one mark, 


giving a possible score of five for each item and a possible test total 
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of 100. A schematic representation of the timing of the presentation 
of each item and a list of the sets of digits used is included in 
Appendix F. 

Word reading. This test is one of the Stroop (1935) charts of color 
names. The names of four primary colors (red, green, yellow and blue) 
are printed on a chart in block capital letters using black ink. The 
names are printed in eight sets, with five words in each set and the 
order of the sets randomized. The score on the test is the time obtained 
by a stopwatch for the subject to read the 40 words. A list of the words 


in the format in which they appear on the chart is in Appendix G. 


Development of tests 
The four tests which were developed specifically for this study are 


comprised of auditory and visual modality matching tasks. 


Auditory-auditory matching. This task involves matching a stimulus 
pattern of 1000 cycle tones with a comparison pattern of tones. All 
tones are of 0.15 second duration with variation in patterns created by 
short pauses of 0.35 seconds and long pauses of 1.35 seconds. A score 
of one is given for each of the 30 items in the test. A copy of the items 
used in the test is in Appendix HI. 

Auditory-visual matching. The items in this test utilize an auditory 
pattern as a stimulus as in the auditory-auditory test, but this is 
matched with a comparison visual display of dots. For a dot of | unit 
in diameter, a short gap is 0.80 units in length, and a long gap is of 
7.17 units in length. Each of the 30 items in the test is scored as one 


mark. A copy of the test items is in Appendix HI]. 
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89 
Visual-auditory matching. This test is the converse of auditory- 


visual matching; the visual display is the stimulus portion of each 
item and the comparison section is a set of tones. This test is included 
in Appendix H1. 

Visual-visual matching. This test is comprised of sets of visual 
patterns, where the first pattern of each set is compared to the second 
pattern, with a score of one given to each correct response for a test 
total of 30. A copy of the test items is included in Appendix Hl. It 
should be noted that the items in the test are different from those 
used for the other three modality matching tests; the reasons for this 


difference will be discussed. 


As stated, these four modality matching tests were developed by the 
investigator, in contrast to the first set which were selected from 
existing tests. In order to develop these tests such that both the 
particular needs of the study were taken into account, and the tests 
met desirable psychometric criteria, a design and pilot phase was 
undertaken prior to use of the tests in the main study. The course 
of development of the modality matching tests in this phase is described 


here in four parts as: (a) Design considerations; (b) Test 


construction; (c) Pilot testing; (d) Test revision. 


Design considerations. A first consideration in the design of the 
modality matching tests was the item type to be used. The item format 
that was employed in these tests is the same-different variety. This 
jtem type requires a dichotomous decision on the part of the subject: 


the stimulus is presented in the first modality, and then removed or 
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terminated, following which a stimulus designated as the comparison is 
presented in the second modality; the subject is asked if the comparison 
stimulus is the "same" or "different" from the first stimulus. As noted 
in the review of literature, this type of item format reduces reliance 
on short-term memory to a minimum (Goodnow, 197la). Furthermore, it 
appears to be the most feasible item type for presentation of the second 
Stimulus in the auditory modality. Multiple-choice items for matching 
tasks that involve the auditory modality in the presentation of the 
second stimulus are characterized by the creation of interference by 
each alternative for its previous member(s) in the set of alternatives. 
The effect of this interference is to make modality matching involving 
the auditory modality as the second modality more difficult than when 
this pedelaey is visual, thus creating differences in the difficulties 
of these two tasks that are not directly due to the nature of the tasks 
themselves. In Campbell and Fiske's (1959) terminology, the method 
variance is then disproportional to the trait variance for visual-auditory 
matching. As a result of the problem, a "same-different" item format is 
preferred in studies involving all combinations of modalities. 

A second consideration in the construction of these tests was 
commonality of stimulus patterns across modality combinations. Muehl and 
Kremenack (1966) studied all four combinations of auditory and visual 
modality matching but used different stimulus patterns in each of their 
four tests. The differences they found between performance levels across 
the four tests could not, therefore, be attributed only to the nature of 
the tasks, because task effects were confounded with the varying stimulus 


patterns among the tests. The investigator in this study used identical 
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stimulus patterns for all four tests in the pilot versions, although 
as will be noted in the section on test revision, it was not possible to 
retain this criterion. 

A third consideration in the design of the modality matching tests 
was the number of items to be used. In many circumstances of test 
construction a compromise must be reached between using a large number 
of items in order to increase reliability, and reducing the number of 
items in order to minimize test administration time (cf. Oosterhof & 
Glasnapp, 1974). As noted, each item developed for this study used a 
same-different format and therefore had a chance probability of correct 
response of 0.5, with the expected chance score of a test with k items 
of this type as k/2. The effects of these chance scores on test 
reliability through an examination of test length and number of alternatives 
per item has been discussed by Ebel (1969, 1972), who notes that in the 
case of items with two choices, a 50 item test might be expected to have 
a reliability of 0.48 by the Kuder-Richardson 21 formula and 0.59 by the 
Spearman Brown. In the case of the present study, 35 test items, five of 
which were practice items, was considered to be the maximum possible 
number to be used in view of the extensive total testing time required 
of each subject. It might be expected therefore that test reliability 
would be a concern in this circumstance, but as noted by Ebel (1969), 
higher reliabilities than the estimates he has supplied might be found 
in cases where: 

1. The test items are unusually high in quality. 

2. The test is unusually homogeneous in content. 


3. The group tested is unusually variable in ability (p. 569). 
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In the present study all three of these conditions hold to a considerable 
extent and as will be discussed in the results, reliabilities were found 
to be well above the estimates supplied by Ebel. 

The ordering of items in terms of difficulty indices was a fourth 
consideration in the design of the modality matching tests. In recent 
years some research has been conducted on the merits of various ordering 
criteria, but the results appear equivocal. Marso (1970) has noted that 
placing a few easy items at the beginning of a test is a well agreed 
practice, but the use of monotonically ascending difficulty in test 
items throughout the balance of a test may be no more effective than 
several alternate techniques. In view of the sample populations to be 
used in this study and the amount of testing time needed for the four 
modality matching tests, it was felt by the present investigator that 
maintenance of test motivation and attention would be critical factors. 
For this reason a "plateau" technique of item ordering was adopted, 
whereby items were placed in blocks of complexity. Item patterns 
containing the lowest number of components (designating a component as 
a single tone in the auditory case and a single dot in a display in the 
visual case) were placed first in each test to form the first block, with 
the difficulty of these in ascending order within the block. Item 
patterns containing increasing numbers of components were placed in 
subsequent blocks, with ascending difficulty within blocks. Thus, the 
difficulty of the first item in each block was generally lower than the 


last item of the previous block. | It was hoped that the positive effects 


IThe final versions of the modality matching tests are supplied in 
Appendix Hl. The reader may check the test structure discussed here by 
referring to this Appendix. It should also be noted that for display 
purposes the dimensions of the items shown in the Appendix are reduced 
from those actually used; see Appendix H2 for technical specifications. 
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93 
of these periodic slight regressions in the overall ascending order of 


difficulty of the items would be noticeable in the course of pilot 
testing, and this was noted subjectively by the investigator to be the 
case. 

The final and perhaps most important consideration in the design 
of the modality matching tests was the development of the stimulus 
patterns to be used. In developing the patterns it was necessary to 
estimate first the needed spread in the number of components per item 
over the total test. A survey of the modality matching tests used in the 
studies quoted ondevelopmental trends in the light of the age range used 
in this study, with some additional information from Orn's (1970) research 
at the University of Alberta, resulted in a decision to vary the item 
complexity from four components to seven components. The blocks of four, 
five, six and seven component items were proportioned as noted in 


Table 13 to make up 30 test items. 


Table 13 


Number of Components per Item 
in Pilot Modality Matching Tests 


No. of Components No. of Items 
4 8 
9 8 
6 8 
i 6 
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The next decision with respect to the development of the item 
patterns to be used was the number and placement of items that contained 
stimulus patterns (i.e., the pattern presented in the first modality) 
that were the same as the comparison pattern (i.e., the pattern presented 
in the second modality). The number and placement of items was 
randomized through the flip of a coin, giving a desired correct answer 
of same or different to each of the thirty items to be constructed. 

The final step in this procedure was then to design the item 
patterns using the number of components decided upon. Several guidelines 
were adopted in this procedure. First, the location of components was 
systematically varied in the item patterns across the total test. As 
noted previously, the patterns of the components varied from simple to 
complex in blocks defined by the number of components in each pattern. 
Second, for those items where the comparison pattern to be constructed 
was to be different from the stimulus pattern, this difference was always 
restricted to a relocation of one component in space or time in the 
comparison pattern, with no change in the number of components. 
Furthermore, the relocation of the single component was randomly varied 
in position from the start of the comparison pattern to the end of the 
comparison pattern. Thus any item having a correct answer of "different" 
could have a difference in the comparison pattern at the beginning of the 


pattern, as for example: ¢ 


2Dimensions used in the following two examples are directly 
proportional to those used in the final versions of the tests. 
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Stimulus pattern i 


Comparison pattern 
@ @ @ @ @ @ @ 
or a difference at any point throughout the pattern to the end, such as: 
Stimulus pattern 


Comparison pattern 
6 @ @ @ @ @ @ 
On the basis of the five design considerations noted above, five 
example items and thirty test items were planned for construction. 
It was decided that scoring of the items would be zero and one for 
an incorrect and correct response, respectively, with no correction for 


guessing (Aiken, 1968; Frary, 1969). 


Test construction. Once a complete set of item patterns for the test 
had been designed, construction commenced on the pilot versions of the 
tests. A complete description of how the tests were constructed is 
included in Appendix H2, with the instructions and script for each test 


included separately in Appendix H3. 


Pilot testing. The four modality matching tests were given a pilot 
trial in the year previous to the main study (see Appendix A). 

The subjects selected for this purpose constituted a sample defined 
similarly to the sample used in the main study, with some reduction in 
size. A group of 60 boys in grade 3 in the Edmonton Public School System 
was identified on the basis of Canadian Lorge-Thorndike Intelligence Test 


scores. The sample was made up of 30 boys with verbal IQ scores between 
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96 
70 and 90, and 30 boys with verbal IQ scores between 110 and 130. 


All of the subjects were given the four modality matching tests, 
with the order of administration of the tests randomized. 

The data which was collected from the testing was analyzed in terms 
of item difficulties for each group separately, and for the pooled 
groups. Ordinarily in construction of tests of the type used here, a 
second criterion that would be used in the selection of items would be 
tetrachoric correlations between item score and group membership. An 
important point in the rationale for this study, however, is that the 
objective of constructing the four modality matching tests was not to 
build instruments which will discriminate between intelligence groups. 
Rather, it was to construct tests by varying content systematically, and 
then note how this content is processed by different intelligence groups. 
It may be possible, using the latter rationale, that some items emerge 
as being of equal difficulty for all intelligence groups with no 
discriminating power. This of itself is an important finding and would 
be hidden by screening items at the pilot stage on the basis of the 
criterion of discrimination. Thus the only necessary statistical 
condition that the items had to meet once they had been constructed 
using other a priori guidelines is that there was a suitable level of 


difficulty so that floor and ceiling effects could be reduced. 


Test revision. On the basis of the pilot data (see Appendix H4), 
one of the tests was revised. The visual-visual matching test contained 
an excessive number of items that had difficulty levels in the range of 
.85 and above. Some of the items in this test were retained, and 


additional items were constructed. In order to increase the levels of 
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difficulty, longer item patterns were used, employing a range of 
components from five to nine. The distribution of blocks of patterns 


in the thirty items was redesigned as shown in Table 14. 


Table 14 


Number of Components per Item 
in Revised Version of Visual-Visual Matching Test 


No. of Components No. of Items 
5 2 
6 4 
7 6 
8 8 
9 10 


Thus, as indicated in the final versions of the tests in Appendix Hl, 
the visual-visual matching test was revised to a composition distinct 
from the other three unrevised tests for auditory-auditory, auditory- 


visual and visual-auditory matching. 


School system tests 


In addition to the 11 tests discussed previously, all of which were 
administered to the subjects by the investigator, six test scores from 
student records were included. All of these scores had been obtained 
through a regular school system testing program within six months previous 
to the date of commencement of this study. The tests are comprised of 


two intelligence measures and four achievement measures. 
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Verbal intelligence. This test is the Canadian Lorge-Thorndike 
Intelligence Test, Canadian Multi-Level Edition (1967). The test 
contains items involving synonyms, semantics, reasoning, concepts and 


functional relationships. A verbal IQ score is derived from norms. 


Nonverbal intelligence. The Canadian Lorge-Thorndike also supplies 
a nonverbal IQ score. The items in this test include shape similarities, 
numerical seriation, functional relationships between objects, and shape 


analogies. A set of norms is used for this test tn derive the IQ score. 


Word meaning. This is a subtest of the Stanford Achievement Test, 
Form W (1965). The items involve choice of the correct word from a set 


of four alternatives, to form a complete sentence. 


Paragraph meaning. This test is alsoa subtest of the Stanford Achievement 
test, and contains items made up of short paragraphs, several words of 
which are missing. The correct words are chosen from sets of four 


alternatives. 


Word study skills. The third subtest of the Stanford Achievement test 


contains items on similarity in auditory and visual phonics. 


Mathematics achievement. This test is produced by the Edmonton 
Public School System, and measures understanding of basic arithmetic 
operations including number lines, relationships, operations and 


geometric figures. 
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Summary list of tests 


A list of the tests that have been discussed is given in Table 15. 
The order in which these tests are listed will be retained throughout 


all subsequent references to them. 


Table 15 

Tests Used in Study 
1. Raven's Progressive Matrices 
2. Figure copying 
3. Memory for Designs 
4. Serial recall 
5; Free recalt 
6. Visual Short-term Memory 
7.. Word reading 
8. Auditory-auditory matching 
9. Auditory-visual matching 
10. Visual-auditory matching 
11. Visual-visual ReeennG 
12. Verbal intelligence 
13. Nonverbal intelligence 
14. Word meaning 
15. Paragraph meaning 
16. Word study skills 


17. Mathematics achievement 
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Procedure 


Of the seventeen tests on which data were collected in the study, 
eleven of these tests were administered by the investigator. The first 
set of seven tests, drawn from Das (1973c), were administered in random 
order. 

The second set of four tests which were constructed by the 
investigator, were administered in a balanced design within each IQ 
group, in order to compensate for possible transfer effects from a given 
sequence of administration of these tests. This balancing was 
accomplished by using a simple four by four Latin square design 
(Cochran & Cox, 1957) and randomly assigning 15 subjects in each IQ 
group to each of four orders of test administration. Subject assignment 
and order of test administration is summarized in Figure 3. 


Order of Test Administration 


Groups (N = 15 each) 


] A B C D 
2 B C D A 
S D A B C 
4 C D A B 

A = Auditory-auditory matching 

B = Auditory-visual matching 

C = Visual-auditory matching 

D = Visual-visual matching 


Figure 3. Balanced design for order of administration of modality 
matching tests 
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In the administration of the tests, the commonly accepted 
procedures for establishing testing environments were recognized (Fiske & 
Butler, 1963). Central among these considerations was an attempt to 
establish a common orientation towards the tasks on the part of subjects 
in the three IQ groups. It was anticipated that attention and other 
factors that are part of the relationship between the test administrator 
and the subject would vary across the IQ groups. Therefore, in part as 
a result of this variation, and in part as a result of the requirements 
of the tasks themselves, the tests were administered individually, or 
in small groups of four to six subjects, with no large group testing. 

A list of the 11 tests which were administered, with the order of 


test administration and the group sizes used, is given in Table 16. 


Table 16 


Order of Presentation and Group Sizes for Test Administration 


osu Pees ces ure BDU ne 1 Ze 
1. Raven's Progressive Matrices random smal] 
2. Figure copying random smal] 
3. Memory for Designs random smal ] 
4. Serial recall random individual 
5. Free recall random — individual 
6. Visual Short-term Memory random two 
7. Word reading random individual 
8. Auditory-auditory matching balanced smal 1 
9. Auditory-visual matching balanced smal | 
10. Visual-auditory matching balanced smal 1 
11. Visual-visual matching balanced smal ] 
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CHAPTER V 
RESULTS 


The following discussion is divided into sections by type of 
analysis, with the substantive implications of the results of these 
analyses deferred for later examination. A descriptive overview of the 
age characteristics of the sample chosen and the data collected for the 
investigation is given first. This is followed by the results of the 
analyses performed on the data, which include analysis of variance, 


discriminant, and factor analyses. 
Descriptive Statistics 


As discussed previously, the design of the study included sampling 
from three ranges of the IQ distribution for grade 4, with matching 
among the groups on chronological age. It was expected that the mean 
chronological age (CA) of the subjects in the low IQ (LIQ) group would 
be higher than the mean CA for the normal IQ (NIQ) and high IQ (HIQ) 
groups. Table 17 demonstrates this discrepancy. The LIQ group was 
approximately six months older than the other two groups. Also, as 
expected, the standard deviation of the LIQ group was higher than that 
of the NIQ and HIQ groups. The difference between the LIQ group and 
each of the other two groups was found to be statistically significant 
(F [2, 177] = 32.60, p < 0.0), with no difference between the NIQ and 
HIQ groups. The implications of this CA difference will be discussed in 
terms of its effects on subsequent statistical analyses, for each analysis 
in turn. 


102 


’ 
rn 
i 


ae seth 


ite 
od Bic 
_ 


nary 
UO p 


- 


n 
: 


do 


a 


pd see rte sone 
in 


sbivib 2t noteeuseib. pntwoffot-edT 


foollomt ovtinatedve orl? djtw . —— Sn6 


rod alqmee ong Yo entd2}i9d261 to ove 


| ee ae i ke b+. 
er 2@rnty J2art mavrp of not ts erie sve 


stb zit eater 19 enomab ‘ef i) is pT 


ony to notis sivab brsbm 


<- 
~~ 


i 


| hee 


a 


~~, 


seu 


7 


doirdw ,ateb edz no pemio¥eq zoeyt 


292V 1.4806 Yosas7 t pis dnsntm ee 


= 


4 ye i 
tginsesd . be 
= 
ie 
Se Fee 
es ie 


; tee Bat ; 
} oft aN fevo! aie bs zevs2tb A 
# 


ns fsotpofonomda ‘no, aquore orth 
- ) : spies 
. xc « , — - 
otoapdue ond 10 (AD) Spe feo 


eG ak eo 
+ ond +o? AD neem atts nord 79 
tras = c ae ae 


a0; 


gt? 


Oe 4 


103 


Table 17 


Means and Standard Deviations 
of Chronological Age for the Sample Groups 


LIQ NIQ HIQ 


6.4] Shwe 309 


The data that was collected for the study incorporated 17 
variables, as summarized in Table 15, for 60 subjects in each of the 
three IQ groups. The first 11 of these variables represent tests that 
were administered by the investigator, with the data for the remaining 
six tests drawn from school records. The means and standard deviations 
for each of the IQ groups on the 17 variables are given in Table 18. 

There are three major aspects of the results in Table 18 that 
should be noted. First, verbal and performance IQ, which for most 
subsequent analyses will be treated as independent variables, have been 
included in the descriptive information as variables 12 and 13, 
respectively. These two variables acted as the major selection criteria 
for the subjects in the study with the LIQ, NIQ and HIQ subjects 
selected on the verbal scale from the ranges 71-90, 91-110, and 111-130. 
The performance scale ranges for selection of these three groups were 
set at 66-95, 86-115, and 106-135. Of particular interest is the symmetry 
of means and standard deviations for the three groups on these IQ 
measures. The Canadian Lorge-Thorndike has been normed with a population 


mean of 100 and the NIQ group in this study has a verbal IQ mean of 101.03. 
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Table 18 


Test 


Raven's Progressive Matrices 


Figure copying 

Memory ae Designs 
Serial recal] 

Free recall 

Visual Short-term Memory 
Word reading 
Auditory-auditory matching 
Auditory-visual matching 
Visual-auditory matching 
Visual-visual matching 
Verbal IQ 

Performance IQ 

Word meaning 

Paragraph meaning 

Word study skills 


Mathematics achievement 
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Means and Standard Deviations of Data for Sample Groups 
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Furthermore, the LIQ group mean for verbal IQ is approximately 19 points 
below the population mean, and the HIQ group mean is approximately 
19 points above the population mean, with standard deviations approximately 
equal for all groups. Thus, random sampling on the major criterion of 
verbal IQ resulted in the definition of three groups with almost precise 
symmetry relative to a normal IQ curve. 

For performance IQ, however, the sampling resulted in an expected 
Slight asymmetric definition of the groups. For the NIQ and HIQ groups, 
the means are extremely close to expectation, and to the means for 
verbal IQ, but for the LIQ group the performance IQ mean is slightly 
more than four points higher than the verbal IQ mean. This asymmetry 
results from the generally higher performance IQ scores of children 
defined by low verbal intelligence. Aside from this slight asymmetry 
in performance IQ, then, the first main point to be noted regarding the 
results in Table 18 is that the definition of the groups by IQ is 
surprisingly symmetric, in view of the random sampling of all IQ scores 
in grade 4 in the school system. 

A second and more minor point in terms of the focus of this 
study is the increase in achievement scores represented by variables 14 
to 17 as a function of IQ. While it is not the intention of the present 
study to examine achievement in depth, the positive and uniform increase 
in the reading and mathematics data by IQ classification is interesting, 
Leno eieconcent ina The predictive power of the Lorge-Thorndike 
Intelligence test for the Stanford Achievement test has been noted earlier 
(cf. Proger, McGowan, Bayuk, Mann, Trevorrow & Massa, 1971). and will not 


be confirmed formally here, but the variation in the groups is seen 
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readily. This achievement data will be utilized in a minor way in 
subsequent discussion. 

The third and major aspect of interest in the results that are 
reported in Table 18 is the variation as a function of IQ in the test 
scores for the tests that were administered. These tests are listed 
as variables 1 to 11, with the first seven tests drawn from previous 
simul taneous-successive processing research, and the last four 
constructed by the investigator. In order that the trends of these 
variations may be more readily discernible, the data for each of the 
variables was standardized by pooling the three IQ groups and then 
expressing the IQ group means for each test as a standard score 
relative to the grand mean. For variable 3, Memory for Designs, the 
inverse relationship that resulted from scoring errors rather than 
correct responses was transformed by the formula Y = 5.00 - X. 
Similarly, variable 7, Word reading, increased inversely in relation 
to IQ and was transformed also, utilizing Y = 50 - X. When standardized, 
the data from variables 1 to 11 in Table 18 becomes a clear profile 
for each group as shown in Table 19. 

The transformed means displayed in Table 19 show a uniform rank 
ordering of performance on the 1] tests as a function of IQ. This data 
is plotted in Figure 4, where this rank ordering is apparent; with the 
only exception of an inversion of means for Figure copying in the LIQ 
and NIQ groups, all of the group means increase as IQ increases. The 
tests that appear to indicate the greatest discrepancy in group 
performances are Raven's Progressive Matrices and Auditory-visual 


matching. The least discrepancy between the groups appears in Visual 
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Table 19 


Standard Score Means for Sample Groups | 


ble Test LIQ 
Raven's Progressive Matrices -0.64 
Figure copying -0.16 
Memory for Designs -0.23 
Serial recall -0.54 
Free "recall -0.62 
Visual Short-term Memory -0.27 
Word reading -0.4] 
Auditory-auditory matching -0.48 
Auditory-visual matching -0.70 
Visual-auditory matching -0.53 
Visual-visual matching -0.5] 
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transformed by Y = 50 - X. 
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Memory for Designs transformed by Y = 5.00 - Xs; Word reading 
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Standard score means for the sample groups 


Figure 4. 
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Short-term Memory. Analyses to be discussed subsequently will refine 
the initial visual impressions given here. 

In supplement to the descriptive information supplied by the means 
and standard deviations, Tables 20, 21 and 22 give the intercorrelations 
of the tests for each of the IQ groups. Chronological age has been 
added in these tables as variable 18, in order that possible effects of 
unequal CA across the groups may be referred to in subsequent discussions. 

The final descriptive information to be discussed is the 
reliabilities of the four modality matching tests constructed by the 
investigator. Kuder-Richardson 20 coefficients (K-R 20) were calculated 
within each IQ group for each of the tests. These coefficients are 


displayed in Table 23. 


Table 23 


Kuder-Richardson 20 Coefficients 
for Modality Matching Tests for Sample Groups 


LIQ NIQ HIQ 
Auditory-auditory matching 0.60 aval 0.74 
Auditory-visual matching 0.64 0.66 0.78 
Visual-auditory matching 0.80 0.84 0.64 
Visual-visual matching Os/8 0.63 0.64 


The range of the K-R 20 coefficients shown in Table 23 is from 0.60 
to 0.84. Kuder and Richardson (1937) have shown in their derivation of 
the K-R 20 that it is a conservative estimate of reliability, with 


underestimates given when assumptions of the formula are not fulfilled 
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re 
by the data (cf. Stanley, 1957). Thus, in terms of the earlier 
discussion on considerations in test construction, and projected 
reliability estimates for tests of this type as given by Ebel (1969), the 
expectation of good reliability in the case of the present study was 
Supported. The coefficients noted above are not exceptionally high, but 


they are adequate. 
Analysis of Variance 


It has been suggested by the trends noted in the previous section 
that IQ group differences exist on most if not all of the 11 dependent 
variables in the study. In order to explore these trends, a three-group 
one-way fixed effects multivariate analysis of variance (MANOVA) was 
performed on the data from the 11 tests (Tatsuoka, 1971). The choice 
of this technique, rather than the use of 11 separate univariate 
analyses of variance, was made for two reasons: (1) the relatively 
large number of tests could result in significant differences being 
found on one or more univariate tests merely by chance; (2) it was 
possible, although not likely in this particular study, that no signifi- 
cant differences could be found on separate univariate tests, but with 
a general effect found when the tests are considered collectively. 

The results of the MANOVA indicated significant differences between 
the groups, with a Wilk's Lambda of 0.44, and F (22, 334) = 7.70, 

(p< 0.01). As a point of interest, the 1] univariate analyses of 
variance were also performed, all of which resulted in probability 
values less than 0.05, with most estimated by computer at 0.0. Thus, 


in confirmation of the visual trends indicated in Figure 4, the three 
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114 
groups in the study represent samples from three distinct populations 
relative to the 11 dependent variables utilized. 

Before leaving this discussion of the statistical significance of 
the differences between the IQ groups, an important point should be 
noted with respect to the original design of the study. It has been 
stated that conceptually the study is a CA match design with IQ as the 
independent variable. The effects of the significant 6 month difference 
in CA between the LIQ group and the other two groups therefore needs to 
be addressed. It can be observed in Table 20 that the correlations of 
CA with the 11 variables analyzed by the MANOVA are all low, with most 
obviously insignificant. Furthermore, the signs of these coefficients 
are all consistent with a direct developmental relationship between 
performance on the 1] tests and chronological age. On the basis of these 
correlations, it is possible to predict logically the effects of 
equalizing CA in the MANOVA through covariance, i.e., matching the 
groups statistically through using CA as a covariate (cf. Hopkins, 1969; 
Stanley, 1967). For all 11 variables, this would further increase the 
distance between the sample centroids, a distance which has already been 
shown to be significant. If the latter was not true, a Type II error 
would be possible in not covarying (Glass & Stanley, 1970). Thus it is 
not necessary to examine the suitability of the data for covariance 
(Elashoff, 1969; Glass, Peckham & Sanders, 1972), nor to broach the 
thorny issue of matching and ex post facto designs (Meeh], 1970; Stanley, 
1965, 1966, 1967). The MANOVA results reported here indicate, in effect, 
lower bound estimates of the results of covariation, and the analysis of 
variance results may be referred to in the context of a CA match between 


the sample groups. 
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Discriminant Analyses 


It was indicated in the results of the MANOVA that differences 
exist between the three sample centroids as defined by the simultaneous- 
successive tests and the modality matching tests. As a logical 
extension of the MANOVA procedure, a discriminant analysis was performed 
to articulate the nature of the differences on these 11 variables 
(Tatsuoka, 1970, 1971). 

The vectors of weights for the discriminant functions utilizing 
variables 1 to 11 are presented in Table 24. It was found that the two 
functions derived accounted for 55% of the variance in the discriminant 
space, with Chi square = 139.57 (p < 0.01) for the first discriminant 
root and Chi square = 17.06 (p < 0.07) for the second root. 

Several aspects of the results presented in Table 24 are 
informative. First, the very strong effect of Vector 1 relative to 
Vector 2 is evident both in the level of significance of the first 
eigenvalue, and the overwhelming amount of common variance accounted for 
by this vector. In comparison, Vector 2 is only of passing interest 
‘because its root does not have strong significance and the vector 
accounts for only 9% of the variance. 

The test relationships to the two vectors found in the discriminant 
analysis are of course of primary importance. The first and major 
vector has its largest positive weights derived from Raven's Progressive 
Matrices and Auditory-visual matching. All other weights are 
considerably less significant relative to these two. The dominance w 
these two tests in discriminating between the IQ groups is confirmation 


of the trends displayed in Figure 4. 
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Table 24 


Normalized Discriminant Function Weights 1 
for Simultaneous-Successive and Modality Matching Tests 


Variable Test Vector ] Vector 
] Raven's Progressive Matrices 649 -084 

2 Figure copying -073 -812 

3 Memory for Designs 142 064 

4 Serial recall 02] -134 

5 Free recall 130 319 

6 Visual Short-term Memory -027 008 

i, Word reading -024 -006 

8 Auditory-auditory matching 128 126 

9 Auditory-visual matching 697 -034 

10 Visual-auditory matching 003 -036 

1] Visual-visual matching 178 438 

% Variance 90.91 9.09 
Eigenvalues 1.056 0.106 


‘necimals omitted from vector weights 
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The 

The second vector found in the discriminant analysis has a large 
negative weight given by Figure copying and moderate positive weights 
given by Free recall and Visual-visual matching. It was noted in the 
descriptive statistics that the NIQ group had a lower mean than the LIQ 
on Figure copying, which could account for the curious trend of weights 
on this vector. No interpretation will be placed on this vector because 
of its low significance. 

The results that were presented in Table 24 incorporated both the 
Simul taneous-Successive tests and the modality matching tests into a 
single discriminant analysis. Thus the relative contribution of each 
test in the context of the total 11 variables was determined. Additional 
discriminant analyses were performed for the two batteries of tests 
Separately, in order that: (1) the possibility of a variable in one 
battery acting as a suppressor for a variable in the other battery could 
be precluded; (2) the relative importance of tests within batteries 
could be assessed. The results of the separate discriminant analyses 
are presented in Tables 25 and 26. 

The trends noted in Tables 25 and 26 confirm and slightly magni fy the 
results established by analyzing all of the tests collectively. Within 
the simultaneous-successive group of tests the IQ groups are maximally 
discriminated by Raven's Progressive Matrices. The Auditory-visual match- 
ing test is the strongest discriminator among the modality matching tests. 

As an adjunct to the discriminant analysis on the simultaneous- 
successive and modality matching tests together, discriminant score means 
and standard deviations were calculated in order that the variance 


on each of the tests could be displayed by vector scale values. 
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Table 25 


Normalized Discriminant Function SUES 
for Simul taneous-Successive Tests 


Variable Test Vector ] Vector 2 
1 Raven's Progressive Matrices 944 -036 
2 Figure copying 186 -859 
3 Memory for Designs 090 aS 
4 Serial recall 048 -163 
5 Free recal] 249 469 
6 Visual Short-term Memory -009 030 
7 Word reading -030 -006 
% Variance 89557 10.43 
Eigenvalues 0.745 0.087 


a 


Decimals omitted from vector weights 
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Table 26 


Normalized Discriminant Function Weights 
for Modality Matching Tests! 


Variable Test Vector | Vector 2 
8 Auditory-auditory matching 297 230 
9 Auditory-visual matching 939 455 
10 Visual-auditory matching 100 027 
1] Visual-visual matching 142 860 
% Variance 98.14 1.86 
Eigenvalues Umno /, 0.010 
] 


Decimals omitted for vector weights 


In addition the cross-products of the normalized weights were calculated 
to give the cosine of the angle between Vector 1 and Vector 2, which in 
turn indicated that the angle between these two vectors closely 
approximated orthogonality at 919 55'. The means and standard 
deviations for the discriminant scores are given in Table 27. A plot of 
this data using orthogonal axes for display purposes is given in Figure 5; 
the length of each bar in this figure designates one standard deviation. 
The effect that is displayed in Figure 5 is interesting in several 
respects. The tests which mainly comprise Vector 1 are demonstrated to 
differentiate the groups quite equally on this dimension. On Vector 2, 
however, an inverted relationship is evident, with the LIQ and HIQ groups 


approximately equal and the NIQ group slightly above both of these groups. 
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Table 27 


Discriminant Score Means and Standard Deviations 
for Simultaneous-Successive and Modality Matching Tests 


a 


L 10 NIQ HIQ 
M SD M SD ian SD 
Vector ] oats Soro! 42.46 
4.70 5.05 Sor 
Vector sc 14.54 16.26 14.58 
Faced is) 2.43 (ar) 


Whenived from Variables 1-11 


The trend on Vector 2 appears to result in large part from the lower 
scores attained by the NIQ group on Figure copying. 

In summary, the results of the discriminant analyses discussed 
indicate several trends in the data for the three IQ groups. First, as 
an extension of the MANOVA results it has been indicated that although 
the IQ groups differ in their levels of performance on all of the 11 
tests administered in the study, there are variations in the degree of 
these differences on each test. The strongest group differences were 
found in Raven's Progressive Matrices from the simul taneous-successive 
tests, and Auditory-visual matching from the modality matching tests. 
Second, this differentiation was found to be predominantely unidimensional, 
that is, both of these tests contributed to a single vector, with this 
vector accounting for nearly all of the common variance in the 
discriminant space. Finally, group differentiation on this dimension 
was relatively uniform, with the IQ groups equidistant in discriminant 


space from each other. 
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Factor Analyses 


All of the previous analyses have dealt with group differences in 
level of performance on the simultaneous-successive and modality 
matching tests. In contrast, the results to be discussed here deal with 
the interrelationships between individual performance on the tests, and 
subsequently through factor analysis, allow some tentative inferences to 
be drawn concerning process differences among the IQ groups. 

As a prelude, several methodological considerations in the use of 
factor analysis will be noted here. The use of this technique has had a 
considerable history of controversy (Eysenck, 1953), some of which has 
centred on the levels of meaning that may be ascribed to factors (Coan, 
1964; Royce, 1963), and some of which has dealt with the appropriateness 
of use of the technique under various circumstances. (See Gorsuch, 1974 
for a flow chart of decision points in the use of factor analysis.) It 
is not the intention here to examine these issues in depth. Rather, three 
basic considerations in the use of factor analysis as they relate to this 
study will be noted briefly, followed by an examination of the results 
for each group. 

A primary consideration in the application of factor analysis is the 
model to be utilized. For reasons of comparability to previous research 
(e.g., Das & Molloy, 1975), the principal components model with varimax 
rotation was employed (Mulaik, 1972). | 

Second, in the use of factor analysis, the suitability of the 
correlation matrix for analysis should be determined. An examination of 


the matrices in Tables 20, 21 and 22 reveals that the correlations between 
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the first 11 variables are generally low, indicating the possibility of 
some variables acting randomly relative to others. Various techniques 

are available for testing the suitability of a correlation matrix for 
factor analysis (Dzuiban & Shirkey, 1974), but the most suitable technique 
still appears to be stability of factors under an alternate model 

(Dzuiban & Harris, 1973). In the factor results to follow, alpha 

factor analysis was employed as verification of non-random variates, 

and high correspondence was found between the alpha and principal 
components solutions; the alpha results will not be reported. 

The third and possibly most difficult consideration in the use of 
factor analysis is’ the number of factors to be extracted. The hypotheses 
of this study imply a three factor solution, but exploratory analyses 
indicated that neither a three factor solution nor an eigenvalue greater 
than one criterion appeared appropriate in terms of interpretation. A 
compromise was established by plotting the eigenvalues according to the 
SCREE test, and selecting a point of clear demarcation for each group 
(Cattell, 1966). 

Before interpreting the results of the principal components 
analyses, it was necessary to examine the effects of the significant 
differences in chronological age (CA) between the LIQ group and the 
other groups. The effects of this CA difference were found to be 
negligible as viewed from three interrelated perspectives: (1) For each 
group the correlations between CA and the first 11 variables, as 
displayed in Tables 20, 21 and 22, are highly similar; similar correlation 
bRariiceor ey each group Suggest no differential effect of CA among the 


groups. (2) The squared multiple correlation of the 11 variables with CA 
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was found to be highly similar among the groups. (3) As a corollary of 
(1) and (2), the CA variable behaved similarly for all groups when 
included in a factor analysis of the tests to be discussed. 

In the selection of variables for factor analysis, Free recall was 
omitted from the 11 variables studied in the MANOVA procedure because it 
is the same test as Serial recall, with a variation in scoring procedure. 
Serial recall scores are a lower bound for Free recall scores and 
therefore the two measures are not independent. The deletion of this 
variable for the final step in the data analysis resulted in the use of 
ten variables in the principal components solutions. The solution for 
each IQ group will be examined in turn, followed by a summary of the 
three analyses. 

The factor matrix for the low IQ group is presented in Table 28. 
Factor I has strong test loadings from Serial recall, Auditory-visual 
matching, Visual-auditory matching, and Visual-visual matching. An 
examination of the other factors reveals that this factor appears to be 
unique relative to the hypothesized simultaneous-successive-speed factors 
and apparently represents a form of coding. It will be argued that this 
coding is basically successive in nature, thus explaining the loading of 
the serial recall task on this factor, and it is the generation of the 
code that differentiates it from other successive tasks in factor 
analyses. 

The second factor in Table 28 is clearly simultaneous synthesis. . 
The tests which load on this factor are Raven's Progressive Matrices, 
Figure copying and Memory for Designs. The Memory for Designs loading 


is negative because the test is scored for errors. 
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Table 28 


Principal Components with Varimax Rotation: 


Communalities 


Low IQ Group 


a a 


Raven's Progressive Matrices 


Figure copying 

Memory for Designs 

Serial recall 

Visual Short-term Memory 
Word reading 
Auditory-auditory matching 
Auditory-visual matching 
Visual-auditory matching 


Visual-visual matching 


Component Variance 
% Component Variance 
% Total Variance 


Eigenvalues 


"pecimats omitted 
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Factor III apparently represents successive synthesis. Visual 
Short-term Memory is a task which involves the sequential recall of a set 
of digits, and as shown here the Auditory-auditory matching task is also 
performed by the LIQ subjects using a successive strategy. The sequences 
of tones in this task are apparently matched by recalling the sequence 
in its original temporal form, as opposed to coding the sequence as is 
done in the other three modality matching tests. The distinctiveness of 
the strategies used in the Auditory-auditory task relative to the other 
three modality matching tasks is particularly interesting and will form 
the basis later for some discussion and speculation. 

Factor IV of the matrix for the LIQ group is the speed factor often 
found by Das (1973c). For the LIQ group it is apparent that speed aids 
serial recall, probably through cumulative rehearsal of the word lists as 
they are presented. 

The results of the principal components analyses for the normal IQ 
group show some variation from those of the LIQ group, as demonstrated 
in Table 29. Most notably, the use of the SCREE test gave a three 
factor solution, rather than the four factors given for the LIQ group. 

Factor I of the NIQ matrix appears to be a similar coding factor 
to the one found for the LIQ group. In contrast, however, Raven's 
Progressive Matrices and Memory for Designs, rather than Serial recall, 
have some relationship to this factor. Also, the Auditory-auditory 
matching test has a shared loading between this and the second factor. 

The second factor of the matrix appears to be a combination of 
successive synthesis and speed. The two marker tests for successive 


synthesis, Serial recall and Visual Short-term Memory, have high loadings 
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Principal Components with Varimax Rotation: 


Table 29 


ee 


Test 


eS 


Raven's Progressive Matrices 


Figure copying 

Memory for Designs 

Serial recall 

Visual Short-term Memory 
Word reading 
Auditory-auditory matching 
Auditory-visual matching 
Visual-auditory matching 


Visual-visual matching 


Component Variance 
% Component Variance 
% Total Variance 


Eigenvalues 


Vyecimals omitted 


a 


Communalities Hf I] 
oa2 552 =-018 
790 12 191 
550 -386 -051 
555 140 731 
574 350 672 
714 27280 =761 
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601 735 ~=—--001 
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on this factor, in conjunction with a high negative loading for Word 
reading and a moderate positive loading for Auditory-auditory matching. 

Factor III of the matrix for the NIQ group is clearly simultaneous 
synthesis, with a slightly reduced loading for Raven's Progressive 
Matrices. This is the only variation in this factor as it appeared for 
the LIQ group. 

The final principal components solution, the matrix for the high IQ 
group, iS presented in Table 30. As in the matrix for the LIQ group, four 
factors were derived. 

Factor I of the matrix, which has been designated as a coding factor 
previously, is very interesting, because for this level of IQ the factor 
now is made up almost solely of the modality matching tests built by the 
investigator. These four tests have low to moderate loadings on the 
other factors, indicating clearly that they are performed by a common 
strategy in the high IQ group. Of specific interest is the three step 
transition of the Auditory-auditory matching test onto this factor. The 
test loaded completely on a successive factor in the LIQ group, split its 
loadings between the successive factor and the coding factor for the NIQ 
group, and loaded completely on the coding factor for the HIQ group. 

The second factor of this matrix is simultaneous synthesis. The 
loading of Raven's Progressive Matrices is reduced slightly by the effect 
of the third factor, but the identification of Factor II remains clear 
nonetheless. 

Factor III is apparently successive synthesis. The moderate 
negative loading from Raven's Progressive Matrices may indicate an 


increasing preference in Subjects by IQ of one strategy or the other, but 


piastinye 


- tee ee ee Ra ete 
yon eit wd y eladgt te beoubs a Fe if bavi ReaTROTy 


f inti 5 etiw sottomenoo ot sbaiisoaesialan 


ontbsal svi2taeq stavebom's bile’ pnibse- 


| 5 ry ten 
ray J 4 ! : J Bi 
bso! beoubor -viddotte 
i / aw tt | sy 
ke 
+ . 
? ; ‘iid Oh “4 
é ' ; a 
wa fi 
ae 
‘7 ~ * Te by ee ewes 
~ ti wi ~ sv 1 = } >t Of \ 
2 
‘. wert idl , hie e > - ¢ 
f b : ot (G51 WF poz 
t 
- DOV res 
4 
ss ta: | yy} 
eaey yal 
J 
, : 
wAoQat Jf > Sinr yvrsy 
wd t A H 
~ ~ 
es y ; 
° FS fae iu, 
‘ - mY it iwe¢ ; 2 tll € 
bi | 
LSP 
; >. ~~ * { 
’ ‘ + 
és cw / wt itt 
gt \ ne ktearhak 
& be ; 7 Bi vtat ie 35% }- 
“ ‘ al 
He } e - 7 i? Df ' 
—-— > A |- 
i ’ : ate © 
i ; \ 4 ae TE ar Zi 
ro ; 
: > 
ten be. : ; ? 26 Te ‘ v fr 59 
% bel F2eO99U2 6 NO. Yt stelqmoo DB 
— 9 ic, 


r : ode 
‘ x. .* 7 nak ae rad 
2 Whd . 6ST OVeess SoN2 } 13 ASOWS 9d ttt 


' uy i 
' ap o % anbh ac ante —_ +e fi Fae) 
¢ i FD ty J wy fi0 vi BIS ano bebsol bes 
- : 7 ma y : pas) 
2 . ; baw eatAis a 
auosnss ware 2! xfigaMm neetid 70°" 1oID8t bno: soe ij 
— > 


va 


Table 30 


Principal Components with Varimax Rotation: 


Test 


Raven's Progressive Matrices 
Figure copying 

Memory for Designs 

Serial recall 

Visual Short-term Memory 
Word reading 
Auditory-auditory matching 
Auditory-visual matching 
Visual-auditory matching 


Visual-visual matching 


Component Variance 
% Component Variance 
% Total Variance 


Eigenvalues 


Hecimnals omitted 


Communalities 


766 
618 
846 
642 
548 
594 
64] 
566 
801 
612 


i 


2/5 
368 
118 
211 
166 
056 
645 
714 
823 
709 


2.407 
30.129 
24.07 
2.568 


High IQ Group 


EG] III 
Sis) fe SEI e) 
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051 714 
-021 -043 
ey 6}e)5) 
109 210 
-108 -149 
-111 057 
1.431 1.413 
2 bar 2.30 
14.31 14.13 
1.660 1.288 
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this is very tentative. 

The fourth factor in the matrix is apparently bipolar to those found 
previously for the other two groups. The factor has a high loading 
associated with Word reading, but the loading is positive. Also, a moderate 
negative loading is found for Serial recall, and a moderate positive 
loading for Figure copying. High scores on this factor would indicate low 
speed, low scores in Serial recall and high Figure copying scores. 
Apparently in the HIQ group, low scores on speed, which could sample 
tempo of response generally, are indicative of slower and less complete 
rehearsal and therefore lower scores on Serial recall relative to the rest 
of the group; high speed may result in less accuracy in Figure copying, 


through less attention to the quality of production of the figures. 


The results of the three analyses that have been discussed demon- 
Strate some contrasts and some similarities between the strategies 
employed by subjects in the three IQ groups. These results are 
Summarized now in terms of the constructs of interest. 

Simultaneous synthesis was seen to emerge quite clearly in the 
factor analysis for each group. Only minor variations were found, where 
in the NIQ and HIQ groups the three tests shared loadings slightly with 
combinations of other factors. 

Successive synthesis was not found to be quite as stable across IQ 
groups. For the LIQ group specifically, the factor was not defined as 
clearly as it was for the other groups. In the case of the NIQ group, 
there appeared to be sufficient variation in individuals in speed of 
processing that this in turn was incorporated into the successive factor. 


The speed factor also did not appear as clearly as the simultaneous 
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factor. For the LIQ group this factor was defined almost solely by its 
marker test, Word reading, but for the NIQ group it collapsed onto the 
Successive factor. As a further variation, this factor became a latency 
factor, when the normally negative loading for Word reading changed to a 
high positive loading. 

As a summary of the factor analyses of the simul taneous-successive 
tests, therefore, the three factor solution found by Das in previous 
research (Das, 1973c) was replicated generally in this study, although 
the variations found are notable in the circumstances of some tests for 
some IQ groups. The implications of these variations will be considered 
in a subsequent discussion. 

The results of the factor analyses of the modality matching tests 
demonstrated some clear trends. In each of the IQ group factor analyses, 
none of the modality matching tests loaded on the simultaneous factor. 
Moreover, in each of the analyses the three modality matching tests which 
incorporate spatial information, Auditory-visual matching, Visual-auditory 
matching and Visual-visual matching, formed a separate factor which 
accounted for the most variance. The test which contained solely 
temporal information, Auditory-auditory matching, shifted its loading 
progressively by IQ group from a strong loading on successive synthesis 
in the low IQ group, to a shared loading on the coding factor and 
successive syntheses for the NIQ group, to a strong loading on the coding 
factor with the other modality matching tests for the HIQ group. 
Auditory-auditory matching was performed by varying strategies by 
different IQ groups, therefore, but the other three modality matching 


tests involved the same coding strategy for all groups. 
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CHAPTER VI 
DISCUSSION 


The results of this study are discussed here in five sections. As 
an introduction, some relationships between cognitive strategies and 
task performance are proposed first. Following this, the two main 
research questions of the study as stated in Chapter III will be 
considered. These questions are concerned with the relationships of 
(1) simultaneous and successive syntheses to intelligence, and 
(2) modality matching to intelligence. The final sections consist of 
some concluding remarks on the nature of intelligence and suggestions 


for future research. 
Cognitive Strategies and Task Performance 


The statistical analyses that have been conducted in this study 
have been of essentially two types. Through analysis techniques which 
assess mean levels of performance, the profiles for the groups on the 
tests have been compared. Second, correlational and factor analytic 
techniques have been used to describe cognitive strategies among the 
IQ groups. 

As rr introduction to a discussion of the information given from 
these two perspectives, it may be useful to note here in a very 
condensed form that logically the distinction between levels of 
performance and cognitive strategies can be shown by the simple two- 
fold relationship in Table 31. The interpretation of this table rests 
upon the notion that cognitive strategies interact with cognitive 
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Capacity to produce measured levels of performance (cf. Bortner & Birch, 
1970). These levels of performance may be of interest in terms of 
individual differences within a group, or may be of interest in 


circumstances of group comparisons as is the case in this study. 


Table 3] 


Cognitive Strategies and Task Performance 


Level of Performance 


Strategy Type Similar Different 
Same ] 2 
Different 3 4 


For each of the numbers in Table 31 a particular set of relationships 
can be hypothesized for strategy type, level of performance, and cognitive 
capacity. Ina Type 1 distinction, two groups using the same strategy 
attain a similar level of performance on a cognitive task; in this 
circumstance, we tacitly assume equal mean cognitive capacities for the 
groups and equal facility with the strategy. In contrast, in a Type 2 
distinction the same strategies are accompanied by different levels of 
performance between two groups; we may infer that the origin of the 
difference is in cognitive capacity, in differential facility with the 
strategy by the groups, or both. Ina Type 3 distinction, different 
strategies between two groups accompany similar levels of performance; 
logically, there may be or may not be differences in cognitive capacity 
between the two groups. In the fourth type, different group levels of 


performance are accompanied by different group strategies; as in the 


‘capacity is defined as structural constraints (cf. Das, et.al., 1975). 


es! | a 7 
dovtBed verdivo8 .t>) sonsmrotyeq to efavel bewwesem sauborq od yitonges 
to ames af tesisint %o od yom Sonsmiotysq To efavel aeonT at c 

nt Searstnt To ed vem bi equote 6 ninstw gsongysttib. Taubhetaaes 

bute 2tat ot seep srt si a6 2no2tysques = to esonddamanha 

fe efdst Ao, 

s0nKiriot194 dest bis 2otpsssys¢2 avittagos : 


sorHietwe) to Fovad Be citi halk oe ae 


os 


jnoys7 Tid nol tate aqyl ypets1e 
3 . f OMB? * 
A E > gnavattta - 
v > 
Sea F = : y 


satdenotsaten to to2 ial aliie 6 [& sida! at ervecimun, ats to slog eS ol 
avfttinpes bis Pe to fovel ays ities ot bentandaongt § 
yood ante omnée oft pnteu equovp ows no tiontteth | ‘oqyl 6 al 

— etdd nt cdteps ovit Faipos 5 10 SonsarroTiag to level vsttmia 6 Af 


= 
sai sot estitosqss evitingds nom |sups om226 xistosd ow .sonsda “ae i) 


S eqvlT 6 at ,t2sv3nod nl .yeeterte sad adiw atl tost feupa ny: 


ed pee 


to elsval Jnsiottib yd betnsqmooos ove esipsserte ome ald a i 
e pars 
ott to ntptvo sf} sods vetat yom ow. s2quore ows aseWisd 2 | | 


bie 4 ‘ 


Peta it Pantie’ ai te, ovtttngoo « 


i ie > te Att th ot sine ; + + 6 Ps : . a 
2 _ in , ie tab r, of - y i ty a re as, 7 Cc bist 
- aoe ie a fe | i 


 ¥§ is 1 7 9 
- all i ie , 
: ' ; . | : 

paur 


134 
third type, cognitive capacity may or may not be equal between the 
groups. 

The relationship between strategies and task performance noted in 
Table 31 apparently has not been stated explicitly and in its two-fold 
form in the researcn literature. And yet, an overwhelming number of 
the current psychological and educational studies incorporate parts of 
this two-fold relationship as basic assumptions in their rationale and 
are directed at determining the types of strategies used by different 
groups and the relative efficacy of different strategies. 

In the area of human memory, for instance, the classic paper by 
Miller (1956) describes how strategies of coding digits into "bits and 
chunks" may be used in the recall of digit sets that exceed the capacity 
of the short-term store. This type of research on serial learning has 
been extended and generalized recently to other types of content (ecg: 
Johnson, 1970; Restle, 1973; Restle & Brown, 1970), and has been joined 
by research on imaginal and verbal mediation in paired associate 
learning (e.g., Paivio, 1969, 1971; Pylyshyn, 1973). 

This interest in the effects of cognitive strategies on human 
memory has had its counterpart in the study of reasoning tasks. A series 
of papers by Janleen Huttenlocher and Herbert Clark, for instance, have 
argued the dominance and effectiveness of spatial-visual as opposed to 
verbal-sequential strategies in representing the information in three- 
term syllogisms of the type: X is larger than Y; Z is smaller than Y; 
which is largest? (Clark, 1969a, 1969b, 1971, 1972; Huttenlocher, 1968; 
Huttenlocher & Higgins, 1972; Jones, 1970). 


An additional perspective in which this strategy-performance 
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distinction has been of interest is cultural variations in cognitive 
strategies and the effects of formal and informal schooling on strategy 
development (e.g., Cole & Bruner, 1971, 1972; Cole, Gay, Glick & Sharp, 
1971; Scribner & Cole, 1973). In the context of educational research 
as well, the recent interest in the concept of aptitude-instruction 
interactions reflects an effort in part to combine different cognitive 
strategies with different instructional techniques, in order to raise 
task performance (Berliner & Cahen, 1973; Cronbach, 1967). 

In the present research, this distinction between level of performance 
and cognitive strategies is of interest in two respects. First, in 
viewing the results on the simultaneous-successive tests, both group 
level of performance differences and differences in the strategies used 
in these tests are indicated in the data. Second, the identification of 
cognitive strategies allows interpretation of task behavior in the 
modality matching tests, in addition to the levels of performance 


characteristic of IQ groups in these tests. 
Simultaneous and Successive Syntheses 


The first question of this study concerned the patterns of 
similarities and differences in simultaneous and successive syntheses 
which are characteristic of different IQ groups. 

The results of the study indicate some clear trends for the 
simultaneous and successive tests. The differences between the 1Q 
groups in mean levels of performance were significant for all tests. 


Indeed, the profiles of the groups on these seven measures are quite 


symmetric, indicating uniform group differentiation. 
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With respect to the strategies in the groups, the results indicated 
that the simultaneous synthesis factor emerged consistently in the 
factor matrix for each group. Successive synthesis, however, was not 
as Clearly defined in the results for the groups, nor was the speed 
factor. The latter two factors tended to coalesce partially in the 
low IQ group, totally in the normal IQ group, and were distinct in 
the high IQ group. 

The first aspect of the results of the study that is of interest 
is the variation found for the groups in the speed and successive 
synthesis factors. This variation was likely due to an interaction 
between the nature of the successive tests and the speed capabilities 
of the IQ groups. In view of the fact that the successive tests are 
all timed tasks, as opposed to purely power tests as in the simultaneous 
set, it is understandable that speed played a role in successive 
synthesis. As speed of processing decreased with IQ, the role of 
speed became more important; the temporal limits of the successive 
tests taxed the speed of processing capabilities of the subjects more 
heavily, thus incorporating individual differences in speed into the 
successive factor. 

The fact that speed varied uniformly with IQ, then, created the 
relationships found between successive synthesis and speed. It may be 
interesting to examine some possible sources of this variation in speed 
among the IQ groups in order to determine if it was an artifact of the 
testing situation. There appear to be two basic sources, as noted by 
Horn (1968), who distinguishes between speediness related to the 


development of central intellective functions and speed related to 
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peripheral functions, such as motivation and incentive. 

In the present study, an important question is the role of these 
two sources in contributing to the speed differences found between the 
IQ groups. Data on developmental trends in speed of information 
processing, aS summarized by Wickens (1974), indicates both sources 
are significant. Wickens notes that, as determined in a number of 
experimental paradigms including reaction time experiments, tachistoscopic 
recognition tasks, search tasks and continuous tracking tasks, there are 
some clear indications that speed of central processing is a function 
of age or maturation, and also it covaries with a number of non- 
processing variables such as practice, motivation, incentive and 
attentiveness. 

As a complement to Wickens! (1974) conclusions on developmental 
trends in speed of central processing, comparative data for IQ differences 
is supplied by Holden (1970). Ina study of retarded and normal children, 
Holden determined that differences in speed between the groups was due 
to central processing differences and was not specific to any single 
modality. 

When viewed collectively, therefore, Wickens' (1974) review of 
developmental trends, Holden's (1970) research on retarded and normal 
children, and the present study all indicate that speed of processing 
very likely covaries with IQ in terms of a central intellective function. 
In addition, other simultaneous-successive research is further evidence 
for this conclusion. In a study by Das and Molloy (1975) of simultaneous 
and successive syntheses in grade 1 children, it was found that the 


successive factor contained a speed component. When the results from 
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the present study are viewed developmentally in terms of mental age, 
the coalescence found between speed and successive processing with lower 
mental age is an extension toward the results found for the grade 1 
children by Das and Molloy. 

In conclusion of the first point in this discussion regarding the 
relationship between speed and successive synthesis, the variations in 
the factor patterns were probably due to differences between the groups 
in central determinants of speed of information processing. Peripheral 
determinants of speed may also have played a role in group differences, 
although this is less likely; as indicated in the discussion of the 
method of the study, motivation and other test-situation variables were 
maintained as constant as possible for all groups and the groups were 
mixed in IQ level in the testing procedure. 

The conclusion above regarding the role of speed should not over- 
shadow the major focus of this study. Beyond the variation in speed by 
IQ and its effects on the successive factor, the results of the study 
indicate a clear simultaneous factor for each IQ group, and a recognizable 
successive factor for each IQ group. 

A second point of interest in the results of this study is a 
comparison with Das' (1972) research on normal and retarded children. 
As stated previously, Das' results indicated a clearer factor pattern 
for retarded children than for normal children, such that the 
simultaneous and successive factors were congruent with the present 
research only for the retarded children. It has been noted in the 
rationale for the present study that Das' results were likely 


indeterminate due to a low number of tests in the factor analysis 
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and therefore the conclusions of the study were only tentative. 


This study obtained results both similar and different in comparison 
with Das' (1972) research. As in Das' study, the groups involved in the 
present research differed in levels of performance on all of the tests. 
In contrast to his study, however, the variations in factor patterns 
for the IQ groups are not as major as those found for his retarded and 
normal groups. The present study, therefore, suggests more consistency 
in patterns of simultaneous and successive synthesis as a function of 
intelligence than the results reported by Das (1972). 

There are several possible reasons for the different results in 
these two studies. It is very likely that the present study has 
demonstrated more stability in the factor patterns for the IQ groups 
because the test battery was expanded from Das' (1972) study. The 
larger number of tests used here, as noted in the rationale for the 
study, allowed clearer definition of the factor patterns characteristic 
of the groups. 

A second source of difference between Das' (1972) study and the 
present research is that the former involved matching the groups on 
mental age (MA) and this study used a chronological age (CA) match 
procedure. Is it possible that if the low IQ group in the present 
study had been matched on MA with children of normal and above normal 
intelligence that the patterns of strategies would be different for the 
groups? This is very unlikely as indicated by the study conducted by 
Das and Molloy (1975), in which the factors for simultaneous and 
successive syntheses were found in grade! children of normal intelligence. 


The grade level that would be used for selecting normal and above 
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normal IQ children for MA matching with the low IQ grade 4 children of 


the present study would be approximately grade 2. Given that Das and 
Molloy have demonstrated that the simultaneous and successive factors 
emerge in normal children at the grade 1 level, and the present study 
has found these factors at the grade 4 level, it is likely that they 
would be found in the intermediate grades. One would expect no major 
differences, therefore, between the factor patterns for grade 4 low IQ 
children and MA-matched normal and above normal IQ children. 

In conclusion of the comparison with Das' (1972) study, the present 
research has demonstrated that the simultaneous-successive factors are 
more consistent across IQ than was found by Das. The larger number of 
tests used in this study contributed to this finding, and it is likely 
that an MA-match design would demonstrate similar results. 

As a third and final point regarding the results of the analyses 
on simultaneous and successive syntheses, it can be noted that as a 
result of two aspects of the design of the study, the findings are 
especially significant. These two aspects of the design are the sample 
size and the limits on IQ used to define the three groups. 

The sample size used for this study was 60 subjects for each IQ 
group. This was the maximum number possible due to the amount of 
individual and small group testing involved in the research. This 
sample size was fairly small, in view of the number of tests administered 
and the use of factor analysis as a data analytic technique. 

Despite the possible error introduced by the relatively small 
sample size, the results are remarkably consistent with previous 


research. Earlier studies have used comparable sample sizes, and 
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therefore potential error has been a consideration in the interpretation 
of results. The present research is further independent confirmation 

of the simultaneous and successive factor pattern, thus incrementing 

the degree of confidence that may be placed in the existence of these 
factors. 

A second aspect of the design which potentially mitigated against 
finding the simultaneous and successive factors in each of the IQ groups 
was the limits placed on IQ in order to form the groups. The effect of 
restricting the range of IQ for each group was to limit the dispersion 
in the sample distributions. That is, to the extent that the tests used 
in the simultaneous and successive battery correlated with IQ in the 
complete grade 4 population, their variance was restricted by restricting 
IQ. The effect of this restriction could be a reduction of inter- 
correlation in these tests, and therefore an indeterminate pattern of 


Besuitsp wells tnewLeses) were 1 aevor analyzed. 


But the restriction of range in IQ did not have this effect. The 
intercorrelations of the simultaneous-successive tests tend to be 
independent of verbal IQ, as noted in the review of literature. Further, 
the results of the present study demonstrate that individual differences 
on the simultaneous-successive tests are still strong enough within IQ 
groups as defined here for the factors to emerge. 

In conclusion of the design aspects of the study, therefore, it is 
significant that both sample size and restriction of range in IQ were 
a possible source of error in the study, but the simultaneous-successive 
factors were found nonetheless. These two potential sources of error 


add further weight to the conclusion that simultaneous and Successive 
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syntheses are strategies which exist over a major portion of the 


spectrum of intelligence. 
Modality Matching 


The second question of this study concerns the patterns of 
similarities and differences which are characteristic of the IQ groups 
in the modality matching tasks. These patterns are of interest both 
in levels of performance and in the use of simultaneous and successive 
Syntheses. 

The results of the study indicate that in mean levels of performance 
the modality matching tests were ordered from easiest to the most 
difficult as: visual-visual (V-V), visual-auditory (V-A), auditory- 
visual (A-V), and auditory-auditory (A-A). This order of difficulty 
in the tests was identical for each of the IQ groups. 

In terms of group discrimination, however, the tests were ordered 
differently. A-V matching demonstrated much stronger group differences 
than the other three tests, which were roughly equal in strength of 
discrimination. In fact, A-V matching was the major discriminator of 
all of the tests administered, including the simultaneous-successive 
tests. Only the Raven's Progressive Matrices, which itself has been 
used in some research as a test of intelligence, demonstrated comparable 
group discrimination. 

The peeties of the factor analyses indicated some very clear 
patterns in the strategies used by the subjects in the modality matching 
tests. These patterns are particularly interesting when combined with 


the levels of performance on each test, and viewed in the light of the 
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distinctions drawn in Table 31 regarding cognitive strategies and task 
performance. 

A-A matching demonstrated less group differences than the other 
tests, but also differential strategies. For the low IQ group it was 
performed successively, for the normal IQ group a combination of 
successive synthesis and coding was used, and for the high IQ group 
the task was coded. Thus, it can be said that A-A matching in this 
study approximates the Type 3 distinction in Table 31 (similar 
performance, different strategies). 

The A-V matching task demonstrated very strong group differences, 
but the same coding strategy was used by all of the groups. This task 
approximates a Type 2 distinction (different performance, same strategy). 

The remaining two tasks, V-A matching and V-V matching, discrimi- 
nated the groups less powerfully than the A-V task, but were completed 
by the subjects in all of the groups by the same coding strategy. The 
designation that may be made for these tasks is an approximation of 
Type 1 (similar performance, same strategy). 

In drawing these distinctions for each of the modality matching 
tasks, information is slightly oversimplified. Technically, no two 
groups actually had the same mean level of performance on any test, and 
the statements above deal with magnitude of difference, where all 
differences are significant statistically. But nonetheless, the 
advantages of conceiving of task performance-cognitive strategy 
relationships as first proposed in Table 31 is also clear, because 
three of the possible four combinations of circumstances are approxi- 


mated in the data for this study. Most importantly, the role of 
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Strategies in modality matching is highlighted. 


As a first item of consideration regarding the modality matching 
results of the study, it is interesting to note that simply in mean 
levels of performance the data is consistent with some previous research 
in modality matching. The finding that the order of difficulty of 
modality matching is from visual intra-modal tasks to visual and 
auditory cross-modal tasks, to auditory intra-modal tasks is consistent 
with the results reported by Sterritt, Martin and Rudnick (1971) and 
Rudnick, Martin and Sterritt (1972). The replication of this order of 
difficulty for each IQ group in the present research generalizes the 
results reported in these two studies. Also, within the results for 
A-V matching and V-A matching, the finding that V-A matching was the 
easiest of the two tests for each of the IQ groups is consistent with 
research by Muehl and Kremenak (1966). 

In terms of the strategies used by the groups, however, the results 
of the study did not demonstrate all of the relationships that were 
expected on the basis of the review of literature. Notably, none of 
the modality matching tests were performed by a simultaneous (spatial) 
strategy as operationally defined in the factor analyses of previous 
research (Das, 1973c). This finding is inconsistent with Kahn and 
Birch's (1968) study, for instance, in which by post-test report it was 
found that some subjects used a spatial-visualization technique for the 
A-V matching task. Thus, no conclusive information is supplied here 
regarding the role of simultaneous synthesis in modality matching. At 
a later point in the discussion some possible reasons for this result 


will be considered. 
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In contrast to the lack of relationship between simultaneous 
synthesis and the visual components of modality matching, the temporal 
aspects of successive synthesis and auditory modality matching are quite 
informative. Of specific interest are the relationships between the 
successive factor and the factor that has been labelled as coding. 

An examination of the successive factor reveals that both of the 
tests represent the mnestic level in Luria's (1966a, 1966b) terminology. 
The Serial recall task and the Visual Short-term Memory task involve no 
perceptual or conceptual processes on the part of the subject. Rather, 
the tasks require that the subject simply recall a set of stimuli in 
their original form and sequence. It is the sequencing aspect of the 
tasks which defines the successive factor. 

What is the distinction between this successive factor and the 
other major factor that would indicate a coding function in the latter? 
Three points of evidence support the coding designation. The first of 
these is the difference between two distinct strategy types as discussed 
by Kahn and Birch (1968). The first strategy noted by Kahn and Birch 
is the direct recall of tone sequences; in the present study this was 
demonstrated by the loading of A-A matching on the successive factor 
for the low IQ group. The second technique is numerical coding. Kahn 
and Birch note that in their study roughly half of their subjects 
reported this technique as a dominant strategy. In the present study, 
all of the tests which had a visual component were performed by the 
same strategy by all of the groups. It is very likely that visual 
displays encouraged the subjects in all of the groups to use a counting 


strategy because of the easier clustering and grouping that was 
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possible in this type of presentation. 

A second point of evidence for the main factor representing numerical 
coding is an exploratory factor analysis not reported previously. It was 
found that among the various achievement tests, only the arithmetic 
test loaded on the coding factor in a factor analysis of all variables. 
Some evidence for the effects of numerical facility may be inferred 
from this loading, albeit this is tentative. 

The third reason for the designation of this factor as coding is 
perhaps the strongest of all, and is supported by the results for the 
A-A task. It is evident that the numerical coding of an auditory sequence 
involves a translation to a new form of cognitive representation (e.g., 
beep, beep, pause, beep, pause, beep . . . becomes 2, 1, 1, etc.) 

(Lehman & Goodnow, 1972). In contrast, recall of an auditory sequence 
in its original form is not a translation strategy. The reason that 
the A-A task for the low.IQ group loaded on the successive factor, then, 
is that the subjects in this group attempted to recall the sequence 
literally. In contrast, the high IQ group performed the A-A task by 
the same strategy as the other tasks: they encoded all information, 
auditory and visual, to a common numerical code. Further, recall of 
this code did not become a successive task, and instead coding formed a 
separate factor, because it was the accuracy of encoding (Biggs, 1969) 
and ability to match the code with the comparison stimulus that 
differentiated individuals and created intercorrelations, not the 
storage and retrieval of the code. Thus, the emphasis in the coding 
factor is on the organization and representation of stimuli at the 
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Spitz (1973) has noted that mentally retarded children have 
difficulty in organizing and selectively scanning both auditory and 
visual material, and differences between normal and retarded children 
in memory are due in large part to this difficulty. Mentally retarded 
children may differ from normals in other aspects of memory also (Ellis, 
1970), but the encoding stage may be the most important point of 
difference. In the present study, the ability to encode visual and 
auditory stimuli covaried with IQ. This finding generalizes the 
information noted above regarding retarded children, then, to a wide 
range of intellectual competence. 

In conclusion of the first point of this discussion regarding 
consistencies with expected results, the mean difficulties of the 
modality matching tests were consistent in this research with earlier 
Studies. The strategies involved in the tests, however, did not include 
Simultaneous synthesis as expected, and instead involved successive 
synthesis and numerical coding. 

It is interesting to note as a second point that these interpreta- 
tions of the strategies used in the modality tests appear, in turn, to 
be consistent with the differential levels of performance by the IQ 
groups on each test. This is due to the interaction between the manner 
in which information is presented in each test, and the strategies 
adopted by the groups to match the stimulus information with the 
comparison information. | 

The A-A test was the most difficult of the four tests for all of 
the groups, because information was presented in time only, and bits of 


information had to be processed immediately with no opportunity for 
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confirmation of accuracy. The reason that this test did not discriminate 
the groups as strongly as the A-V test, even though it was the most 
difficult of the four tests, may have been the differential effectiveness 
of the strategies used by the groups. The low IQ group attempted to 
recall the stimulus portion of the items literally, and therefore their 
main source of error was likely in the storage and rehearsal of the 
sequences. The high IQ group coded the information numerically, but 

then had to code the comparison section of the item also in order to 
judge the similarity of the two portions of each item. As a result of 
the need to correctly code two temporal sequences, the high IQ group 

may have been prone to error as a result of incorrect coding almost as 
much as the low IQ group was prone to incorrect recall. Thus, even 
though different strategies were used by the groups for the A-A test, 

the strategies were apparently not markedly more effective than each 
other. 

In contrast, in the A-V test the ability to code information 
presented temporally strongly discriminated the groups. The groups all 
used the same strategy in this test, but because the information was 
presented in time in the stimulus portion of each item, the groups 
were differentially effective in coding it correctly. The accuracy of 
the subsequent match to a visual stimulus, therefore, was a function 
of the correct coding of the stimulus portion of the items. 

For the V-A test, group differences were reduced. The groups 
tended to have more comparable ability in coding when the stimulus 
information was presented visually, because rehearsal and rechecking of 


the code was possible while the information was in view. With a correct 
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code, individual differences in this test were more likely in the 
application of the code to the information presented in time in the 
comparison half of the items. Errors, and therefore group differences, 
were reduced as a result. 

The last test, V-V matching, was easiest and discriminated the 
groups least, because coding the stimulus portion of the items was done 
from a visual display, thus allowing confirmation of the correct code 
before removal of the information, and then the code was easily applied 
to a second visual display. 

In conclusion, then, the tests were differentially difficult because 
of interactions between the form of presentation of the information, and 
the strategies adopted by the groups to process the information. With 
respect to the studies cited earlier on the order of difficulty of 
modality matching tests, the present study indicates that differential 
difficulties of auditory and visual combinations of modality matching 
are not simply due to the modalities involved. Rather, they are due to 
the effectiveness of strategies to cope with information presented in 
time and space. 

These conclusions, in turn, relate to two further points regarding 
aspects of modality matching that have appeared in the literature, both 
of which have been mentioned in the review for this study. The first 
of these is the relationship between modality matching and intelligence 
as postulated by Jensen (1969). Jensen specifically referred to cross- 
modal forms of modality matching when he stated that intelligence is 
characterized by a central symbolic or cognitive processing mechanism, 


and cross-modal matching is the purest example of a task in which use of 
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this mechanism is essential. 


This study has demonstrated that Jensen's (1969) statements have 
elements of validity, but are oversimplified. The A-V task was the 
most powerful discriminator of the IQ groups, but the V-A task was not 
as strong in IQ group discrimination. Thus, it is not simply that a 
task must be cross-modal in order to demonstrate intelligence, but 
rather intelligence is characterized in these tasks by the ability to 
use an effective strategy in accord with the form in which information 
is presented. Additional comments on the nature of intelligence will be 
included at the end of this discussion. 

A further respect in which this study clarifies some relationships 
presently in the literature is in the role of memory in modality 
matching. It was noted that all studies (e.g., Ford, 1967; Jorgenson & 
Hyde, 1964; Kahn & Birch, 1968) have found low to zero correlations 
between modality matching and short-term memory. But short-term memory 
has been measured in these studies by the type of tasks represented in 
the successive factor. Often, for instance, Digit span has been used. 
The emphasis in these tasks is on the storage and retrieval aspects of 
memory; the information may not be recoded to a new form following 
sensory registration. In contrast, it is the coding aspect of roneiaay 
matching that mainly differentiates subjects, because once coded, the 
information is within the short-term store capacity of most subjects. 
It is understandable that modality matching would not necessarily 
correlate strongly with short-term memory as measured by tests like 
Digit span. 


A final aspect of the results of this study which cannot be 
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explained easily is the lack of relationship between modality matching 
and simultaneous synthesis. It has been noted that in previous research 
(Das, 1973c) an auditory-visual matching task loaded to varying degrees 
in different studies on the simultaneous factor. The only difference 
between the auditory-visual task in the previous research and the 
modality matching tests used in the present study is that the former 
used a card with three alternatives for the comparison stimulus, and 
this study used a same-different item format. The groups in the present 
Study may have used the numerical coding technique in lieu of a 
simultaneous strategy because this technique was more applicable to 
all four tests. The subjects were aware at the beginning of the testing 
period that they would be exposed to all four modality combinations, and 
possibly as a result they adopted different strategies than the subjects 
in previous research. 

Thus, the possible use of simultaneous synthesis in some forms of 
modality matching tests is not precluded by the results of this study. 
As a concluding section to the discussion of the present modality 
matching research, it may be interesting to attempt to synthesize the 
various studies of modality matching into a model, relate the model to 
simultaneous and successive syntheses, and then briefly consider some 


recurring issues in research in modality matching. 


Types of information representation: A model 
On the basis of the modality matching results of this study, as 


well as other research that has been examined, it is possible to conclude 
that modality matching tasks are a particularly pure paradigm for 


studying the general problem of cognitive representation (Pylyshyn, 
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1972). That is, in these tasks information is presented in terms of 
the generic dimensions of space and time, and the major point of interest 
is the relationship between the manner in which the information is 
presented and the strategy that the subject adopts to represent the 
information cognitively in order to match it with a comparison stimulus. 
This study has demonstrated that alternate forms of representing the 
information in modality matching tasks are used by different IQ groups, 
and it may be conjectured, albeit it has not been demonstrated here, 
that these different forms of representation play differential roles in 
the accuracy of the match to the comparison stimulus. 

It is proposed here that there are four major levels of cognitive 
representation possible in modality matching. These levels are desig- 
nated in Figure 6 as Literal, Variant, Conversion and Numerical. Each 
of these levels takes a particular form, dependent upon whether the 
information is presented in an auditory-temporal mode or a visual- 
spatial mode. Also, the forms of presentation and representation noted 
in Figure 6 are specific instances of the general model of information 
integration proposed by Das, Kirby and Jarman (1975) and included in 
this study as Figure 2. As will be seen, each level in Figure 6 can be 
designated as either simultaneous or successive synthesis. 

At the first level, which has been designated as Literal, auditory 
information is represented in its original form for subsequent matching 
to a comparison stimulus. This is rote memory of the auditory pattern 
and is a successive strategy. It is likely that this was the main type 
used by the low IQ subjects for auditory-auditory matching in the 


present study. The strategy for visual information represented at 
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the literal level would be similar; it would constitute an attempt to 
continue to visualize the appearance of the array following removal of 
the stimulus, and would be simultaneous. The strategies in the literal 
level for auditory and visual presentations have been discussed, but 
not proposed in this form, by Kahn and Birch (1968). 

The next level, designated as Variant, is a slight modification of 
the Literal level. Auditory information may be sequenced for recall more 
effectively through rhythm mnemonics, finger tapping, etc. As above, 
this strategy would still be successive, however. For visually-presented 
information, other types of mnemonics may be speculated upon, but a 
simultaneous strategy may be retained. Goodnow (1971la, 1971b) has 
discussed the strategies associated with the auditory presentation of 
information; less is known about variations on representing visual 
information. 

At the Conversion level, a substantial change in the form of 
representation of information takes place. Auditory information is 
converted to a visualization of its spatial counterpart (Kahn & Birch, 
1968). Thus, successively-presented information is changed to a 
Simultaneous representation in central processing, as discussed by Das, 
Kirby and Jarman (1975) in their model. In the case of visual 
information, this is converted through mnemonics to a successive form. 

At the final level, designated as Numerical, information presented 
in an auditory or visual mode can be represented numerically in one of 
two sublevels. At the direct numerical level each tone or dot receives 
a number isomorphically, with time pauses or spaces designated by a 


pause in counting. Kahn and Birch (1968) describe this strategy as: 
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mImcOUNLedacheletapse Wikeethiis eapuns 9! sy Pauise,ini Ss voice... 243.,.pause 
UnieSusy VOICE) ae. getc. ga (Dee 465)e! adhisystrategy sinvolvesi.a, new 
representation of the information, but no information reduction. In 
contrast, the grouped numerical technique involves substantial reduction 
of information, as described by Kahn and Birch (1968): "I counted the 
taps but I added up the ones that come together and put them into groups, 
In Kes CiiSe arate thule el fos Zeandethen) in tha eto of. ((p..465)." othe 
high IQ group in the present study probably used the grouped numerical 
technique for all four of the tests. As noted previously, once the 
information is coded, it is processed successively, as would be the 
case for the direct numerical strategy. 

It is important to note that the four levels that have been 
described deal with the stimulus presentation part of modality matching. 
The form of the comparison stimulus is not specified in Figure 6 and it 
may or may not be congruent with the level of representation chosen by 
a subject. For instance, in an auditory-visual matching task, the 
auditory sequence could be represented literally, in which case its 
form would not be directly comparable to the visual comparison stimulus. 
Alternatively, the auditory information could be represented at the 
Conversion level, that is visualized, in which case its form would be 
directly comparable to the comparison stimulus. Thus, different 
strategies may be differentially effective for different modality 
matching combinations, and also, changes in strategies to those more 
effective for high information loads may be necessary for tasks with 
large auditory or visual arrays. 


As presented, the model of modality matching in Figure 6 is a 
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specific section of the more general model proposed by Das, Kirby and 
Jarman (1975), as well as a composite of some of the more reliable 
research in the area of modality matching. As a final step in the 
discussion of modality matching and this model, four important issues 
in this area will now be touched upon very briefly and re-interpreted 
where possible. 

The first issue to be considered is the role of language. It was 
noted in the review of literature for this study that a point of 
contention in modality matching research has been the role of language 
in facilitating task performance in modality matching. The extremity 
of the points of view adopted regarding language is notable in the case 
of some authors. Exemplary of the view that language is a necessary 
mediator for modality matching is a statement by Bridger (1970): "The 
temporal spatial matching test can only be solved by means of verbal 
coding of the temporal stimuli, suggesting that the deficit in the 
brain injured children might be cognitive rather than perceptual 
(underlining added; p. 258)." 

In contrast, Birch and Belmont (1968) have argued that because 
aphasics and nonaphasics do not differ appreciably in modality matching 
performance, language use is not a necessary aspect of this task. 

The point of view adopted in the present study is that language 
may often be involved in modality matching, but it is not an essential 
component of performance in this task. The model that has been proposed 
here includes language as one of several means of representing informa- 
tion, others of which could account for the lack of differences between 


aphasics and nonaphasics in modality matching. As noted in the review 
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of literature for this study, to phrase statements on the role of 

- language such that it is used as a total explanation, or alternatively, 
is excluded completely, is to overlook the other possible ways available 
in the human repertoire for representing information. 

A second issue in the modality matching literature is the use of 
this task in understanding reading deficits. Despite all of the 
differences in theoretical viewpoints regarding modality matching, one 
fact has remained unchanged: modality matching predicts reading 
achievement. A substantial problem, however, is that no one has been 
able to provide a satisfactory reason for this relationship. 

This lack of explanation, of course, is due as much to the 
complexities of the reading process as to differences in modality 
matching theories. It is highly likely that reading retardation is 
an omnibus category within which many specific varieties of disability 
exist. With refined definition of the types of reading difficulty, it 
is quite possible that modality matching will predict difficulties more 
strongly for some types than is the case now for the general reading 
deficit population, and not predict other types of reading difficulty 
at all. 

It appears that the area of modality matching has reached an 
asymptote in its contribution to the understanding of reading difficulties. 
What is required now is the development of measures for subdividing types 
of reading difficulties, which can then be studied intensively by 
"content-pure" types of tasks like modality matching. 

A third issue is the notion of modality dominance. In recent years 


there has been a good deal of interest in the hypothesis that children 
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may develop a preference for processing information in a particular 
“modality as a result of cultural-environmental influences (Bissell, 

White & Zivin, 1971; Lilly & Kelleher, 1973; Silverston & Deichmann, 
1975). The orientation taken in much of this research appears to involve 
the implicit assumption that there is a direct isomorphism between 
information presentation and information representation. Children are 
often referred to as "“verbalizers" or "visualizers" and this in turn is 
related to the respective modalities. 

This point of view does not appear to include in its assumptions 
the proposition that temporal information may be represented spatially, 
and spatial information may be represented temporally. Both of these 
possibilities are built into the model proposed here, and are supported 
by some of the studies reviewed. 

The notion of preferential modes should not, however, be dismissed 
because of this shortcoming. It may well be that as a result of 
cultural-environmental influences children develop a preferred strategy 
of processing information (Das, Kirby & Jarman 1975); it is simply 
unlikely that these strategies correspond directly and solely to a 
Single sensory modality. 

The fourth and final issue considered here regarding modality 
matching and the model proposed is closely related to the previous issue 
of modality preferences. It has been noted in the review of literature 
for this study that essentially two theoretical viewpoints exist 
regarding differences among sensory modalities. As exemplified by the 
work of Herbert Birch and his colleagues, the modal-specific point of 


view emphasizes the sensory modalities as separate units, which are 
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.able to exchange information only through the gradual ontogenetic 
emergence of intersensory integration mechanisms. The contrasting 
point of view, as represented to a certain extent by Marion Blank and 
her colleagues, and more explicitly by Gibson (1969) is essentially 
amodal. The information extraction properties of the sensory systems 
are emphasized in the amodal view, with commonalities between sensory 
systems established through sharing of information. 

Freides (1974) has noted that neither view in its most extreme form 
is able to account for all of the results currently available in modality 
matching research. Some form of semi-specialization in information 
processing appears to be characteristic of the modalities, but also, 
this appears to exist at different levels in order that integration of 
varied forms may take place. 

The multi-level conception of modality matching that has been 
proposed here is a semi-specialization point of view. This is best 
summarized perhaps by Luria (1971) in his description of the second 
block of the brain: 

It is well-known that the systems of this block are highly 

modality-specific: the occipital lobe, being a central 

device for visual analysis, does not take part in the 

de-coding of acoustic signals, while the temporal lobe 

participates only in a limited and specific form in the 

organization of visual information. It is well-known 

that each system entering this block has a hierarchical 

structure, and that the work of each primary (or extrinsic) 

zone is organized by a superimposed secondary (intrinsic) 

zone with highly developed upper levels of "associative" 

neurons . . . only a small part of the neurons of these 

zones are of the non-specific type of "attention units" 

while the greater part play a highly specific function 

firing to isolated cues of different modalities. The 

specificity of these areas decreases with the transition 

to the "tertiary zones" of the cortex or to the "areas of 


overlapping" which include units reacting to different 
modal GieS stm a ( DD ae LO-1 1). 
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Thus, the semi-specialized point of view supported by Freides 
| (1974) in his extensive review of the correlational and experimental 
literature, has been proposed independently by Luria (1971; cf. 1970) 
on the basis of his clinical observations, and coincides with the 


conclusions of the present study. 


Intelligence 


This study has explored the relationships of simultaneous and 
successive syntheses and modality matching to intelligence. 
The study of individual competence in these two areas as a 
function of intelligence, in turn, supplies some interesting 


information on the nature of intelligence itself. 


As noted in the introduction to this study, in recent years there 
has been a discernible trend in research on intelligence toward the study 
of the constituent processes involved in task competency. This stands 
in some contrast to research previous to the last decade which was 
dominated by the technology of IQ tests (Tyler, 1972). 

As part of this change of emphasis in research, new definitions of 
intelligence have begun to appear. Some of these definitions are so 
general that they serve little functional purpose in research paradigms. 
Wechsler (1975), for instance, defines intelligence as "the capacity of 
an individual to understand the world about him and his resourcefulness 
to cope with its challenges (p. 139)". 

Other recent definitions, however, appear to have some functional 


value and yet still avoid purely psychometric terminology. The major 
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_ variety which seems to be emerging is what may be termed a means-ends 
definition of intelligence. In this view, the appropriateness and 
effectiveness of the individual's methods in attaining goals are said 

to characterize intellectual competence. Fischer (1969), for example, 
defines intelligence as "the effectiveness, relative to age peers, of 
the individual's approaches to situations in which competence is highly 
regarded by the culture (p. 669)". Ina parallel fashion, Das (1973) 
has defined intelligence as "the ability to plan and structure one's 
behavior with an end in view (p. 27)". More recently, Das, Kirby and 
Jarman (1975), in a discussion of the relationships of simultaneous 

and successive syntheses to intelligence, have stated that intelligence 
does not ". . . evidence itself by a facility in using simultaneous 
rather than successive processes. It is the use of information obtained 
through these nanionneiarell procedures in order to plan and structure 
behavior effectively for goal attainment (p. 98)." 

As an extension of the definition offered by Das, Kirby and Jarman 
(1975), it is proposed here that intellectual competence or intelligence 
may actually be a function of three factors. 

As noted in the definition, the major aspect of intelligence is the 
ability to plan behavior effectively and utilize information in decision 
making. This corresponds mainly to the planning and decision-making 
component of the model of information integration proposed by Das, Kirby 
and Jarman, and included here as Figure 2. This function would be 
comparable to the executive component of some recent computer models 
of human cognition (e.g., Newell & Simon, 1972; cf. Anderson, 1975) and 


may be related to the plans of behavior discussed by Miller, Galanter 
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and Pribram (1960). 


Luria (1966a) postulates that planning and decision-making is distinct 
from simultaneous and successive syntheses by virtue of different cortical 
location in addition to different functions. With respect to the functional 
distinction, the planning and decision-making aspect of information inte- 
gration cannot be viewed as simply a more general set of cognitive strate- 
gies than simultaneous and successive syntheses, but rather is qualita- 
tively different from these by virtue of its role in the control of 
behavior. 

In turn, simultaneous and successive syntheses may be seen to interact 
with capacity limits of the individual, to produce performance on a task. 
In the case of the modality matching tasks, capacity differences would lie 
primarily in the limits of the short term store in memory. Individuals may 
vary in both facility with simultaneous and successive syntheses and capa- 
city, but because these two are confounded in measurement, degrees of 
differences in each of them cannot be assessed. Thus, strategies and 
capacity are intertwined, but together they may be distinguished from 
planning and decision-making. 

The present study demonstrates these distinctions. This research 
was a study of task behavior in intelligence groups in "naturalistic" 
or uninstructed environments. That is, a series of tests were presented 
to the subjects with no guidelines or suggestions on how to complete 
each task. While the desired goal was clear to all of the subjects, the 
decision on the most appropriate and effective means for reaching this 
goal was left to each individual. 

The study has demonstrated that IQ groups differ in their planning 
and decisions regarding an appropriate strategy for cognitive tasks. 

The low IQ group chose to use a rote-memory successive strategy for the 


auditory-auditory matching task, and a numerical coding strategy for the 
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other modality matching tasks. In contrast, the high IQ group chose to 


use a common strategy for all modality matching tasks. These differences 
in the choice of strategies between the groups indicates the operation 
of an executive function. 

The effectiveness of strategies and capacity differences are 
demonstrated in the results from the other three modality matching tests: 
auditory-visual, visual-auditory, and visual-visual. In these tasks, 
despite the choice of the same strategy by subjects of all IQ levels, 
strong group differences still were found. Thus, sources other than the 
executive function also contributed to a discrepancy in performance 
between the groups. These sources appeared to incorporate facility in 
the formation of a numerical code for temporally-presented information, 
which is a combination of facility in successive synthesis and capacity. 

The present study has demonstrated, therefore, that IQ groups 
differ in their performance on tests in at least two fundamental ways. 
First, they differ in the manner in which they respond to task demands; 
that is, in their decisions regarding adoption of a particular strategy 
for a particular task. Second, they differ in their facility with 
strategies, specifically simultaneous and successive syntheses. 
Collectively, these two points indicate differences in the functioning 
of the central processing unit in the model of information integration 


proposed by Das, Kirby and Jarman (1975). 


Future Research 


There are many directions that research related to the present 
study could take, three of which will be suggested here in very 


general terms. 


caf | 
of szoda quoip 01 dptd oft .Jesitnod al edest pntdasam yi 


290neettib seeil .eve67 ant dadem yt febom ifs ot cee mh 
nofss1eqo 943 2atnarbat equore ” neswiod estpedsite to 40 sotodo § 
_notganu? ovisuaexs 6 ue 

e16 2sonsvetttbh yttosqso bas 2otpessise to 2esnevitoett9- Lei: 

‘etest pnirotem ytifsbom easwdd sedso ond movt 2a twee ‘orld at bots 
,2ses ovedt nl 6. feuery-fsuetv bre viot rhus-Iea2hy ii 
elovel OL Ife Yo eddetdue vd voeterte omse sd¢ 96 Sottero on & 


7 ae 
roe. a 


wr 


oft nsdt yedto 2eoww0e .eudT .bauot orvow Tiite aponavetttb cuore 8 
sonperotied ot ysneqotserb & oF lietudiaanes “sels nofsonyt avi: 
nt Mahi tost sisvooroont oF bayssqq6 299702 seanT aquore ott jac: 
enohtsmratat bednazove=yl Tsroqued 107 shoo feeho per” 6 to notte vc * ot 
3 yitoeaes brs etesniaye evt2z2sooue nit att fost to ng ntdnoo p et ' ote 
aquovwp Ol Jeng anaes ,bosaisanemeb ‘aa ybut2 see - 
.2ysw fetnemsbau? ows tesel ss nt etest no sonsmyotieq stent 9 
:2brismeb Jes? of brogesy yard dotdw nt vennem sad ot series Salsa 
| xpedsrde isluptivsg 6 To. nefiqobs ontbisgs1enotatosb stent nt «bs f 
dgtiw yitfios? arbor af wettib yadd <baoosd. 4253 ssfyotd16q ib | 
.2azsntnye svteesooue bra auosnsstumte ul fsoFttoage <2 hid 
entnottomut srt nt zsonsie¥ttb etsotbat 2tntoq owt dedid «ylevids He 
_ migkterpaaat notdanniotnt Yo Tabom ext at tiny reso 

Sen wha Be heater nia «2s vd bee0gs 


i ies Seinen 
Ed rer =e cee aA 


> 7 ee : 
ae ine ‘— o 
; nt 
7 ae ae cher he Wl a 
z : 7 ary : ' : ‘ : f 


164 


The first direction is related to the subtleties in the distinction 
between abilities and cognitive strategies. As noted previously, the 
use of the concept of abilities in research appears to have resulted in 
a view of immutable mental characteristics, and indeed has approximated 
a return to faculty psychology in some circumstances. In contrast, the 
notion of strategies incorporates assumptions regarding the adaption of 
man to varying task situations, and a nonpassive role in acting on the 
environment. 

Much of the locus for this distinction lies in the postulation in 
various cognitive models of an executive function, or specifically in 
the model by Das, Kirby and Jarman (1975),a planning and decision-making 
unit. At the present time in psychology we have a great deal of data on 
how different groups and cultures perform on a multitude of tasks. We 
know very little, however, about the origins of decisions regarding the 
use of one strategy as opposed to another. Research in this direction 
could well implicate personality variables, as suggested by Messick 
(1972) and noted in the introduction to this study, as well as many 
other sociocultural and genetic factors. 

A second and slightly more specific direction in which research is 
needed is the clarification of the factorial structure of simultaneous 
and successive syntheses. Luria (1966a, 1966b) has postulated three 
forms of each of these syntheses: simultaneous synthesis takes the form 
of perceptual, mnestic and complex intellectual processes; successive 
synthesis is found in sensorimotor, mnestic and complex intellectual 
processes. The present factorial representation of these appears to 


be a blend of some of these forms for each of simultaneous and successive 
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syntheses. 

An important direction in terms of both supplying further construct 
validity to the present factor analytic work, as well as opening other 
research possibilities, would be to define factorially the three forms 
of each of the syntheses. In order to accomplish this, Carroll's (1974) 
task-analytic research paradigm, as described in the introduction to 
this study, could be used. 

A third direction for future research is the area developed in the 
present study: modality matching. These tasks represent an excellent 
technique for studying how information is processed when presented in 
the generic dimensions of space and time. In the future the suggestions 
made in the model proposed in the present study regarding information 
representation could be explored systematically. Origins of the tendency 
of different groups to use different strategies in these tasks would be 
a very interesting topic of research, as would the effects of instructions 
to perform the tasks by different strategies. 

Together, these three suggested directions encapsulate much of the 


flavor of future needs in research on human intelligence. 


—d 


- i/ 


it 


oe 


of od bluow -eortrhrdtezod mot 


pa 


, ~ >» % rel 4 ee. @ dn 
yOTO A -e82S5Tny2 It TO NI5S 


: ol 
wrosysq A5%sses1 IITs 
7 ' - 
ar 4 
a , : 
bezuad“biuod wou 
- . + : 
: us } oT ' or 3 itb OTF fis is 
. 
2s ie bre a 
oer nV i sbon VouT2 > 
S "Tah ; e afi a rea & 3 sian >< 5 * 
wt i 4 Aare ¥J Cc ~ & 


15S SJ6 j2 tO PAG Patric it 5 oF 19n8p oT 


t : * > . Ze ; A Peg 
2 DSTOIGQXS 90 DIugl — neeo gs 
: ‘ ana: , 


7 An Ua 
—_ ee - ro a ie 
nsigttih 92u OF equovp jog att He 
7 j 4 
—" uf 
3297: To- argos patt2s% tant ‘SN 
4 ° = : reo 
— L& ¥d cvwernd on 
} : és &* 
: “ioe -oanset avant Qe 
at Je ce = i bbe! S32 Jie «2h 


_- . . " i > 
Y ar 2besn aT su ° ONG 


166 


References 


Abravanel, E. The development of intersensory patterning with regard 
to selected spatial dimensions. Monographs of the Society for 
Research in Child Development, 1968, 33 (2. Whole No. 18). 

- Abravanel, E. Intersensory integration of selected spatial dimensions: 


Extension to an adult sample. Perceptual and Motor Skills, 1971, 
32, 479-484. 


Aiken, L. R. Weighting and guessing on varieties of the multiple-choice 


item. Educational and Psychological Measurement, 1968, 28, 1087- 
1101. 


Anderson, B. F. Cognitive psycno ogy The study of knowing, learning 
and thinking. New York: Academic Press, 1975. 

Armstrong, J. S., & Soelberg, P. On the interpretation of factor 
analysis. Psychological Bulletin, 1968, 70, 361-364. 


Atkinson, R. C., & Shiffrin, R. M. Human memory: A proposed system 
and its control processes. In K. W. Spence & J. T. Spence (Eds.), 


The psychology of learning and motivation. Vol. 2. New York: 
Academic Press, 1968. 


Averbach, E., & Coriell, A. S. Short-term memory in vision. Bell 


Systems Technical Journal, 1961, 40, 309-328. 


Averbach, E., & Sperling, G. Short-term storage of information in 


vision. In C. Cherry (Ed.), Symposium on information theory. 
London: Butterworth, 1961. 


Balter, L., & Fogarty, J. Intra- and intersensory matching by nursery 


school children. Perceptual and Motor Skills, 1971, 33, 467-4/2. 


Bartlett, F. C. The measurement of human skill. British Medical 
Journal, 1947, 1, 835-838, 877-880. 


Baumeister, A. A. Problems in comparative studies of mental retardates 


and normals. American Journal of Mental Deficiency, 1967, 71, 
869-875. 


Beery, J. W. Matching of auditory and visual stimuli by average and 
retarded readers. Child Development, 1967, 38, 827-833. 


Belmont, L., Birch, H. G., & Belmont, I. Auditory-visual intersensory 
processing and verbal mediation. Journal of Nervous and Mental 
Disease, 1968, 147, 562-569. 


Belmont, L., Birch, H. G., & Karp, E. The disordering of intersensory 
and intrasensory integration by brain damage. Journal of Nervous 
and Mental Diseases, 1965, 141, 410-418. 


167 


Berliner, D. C., & Cahen, L. S. Trait-treatment interaction and 
learning. In F. D. Kerlinger (Ed.), Review of research in 
SCuCotiO demea Oleue ml basco ir. EsePeacock. 19/73) 


Biggs, J. B. Coding and cognitive behavior. British Journal of 
Psychology, 1969, 60, 287-305. 


Birch, H. G. Comparative psychology. In F. Moreuse (Ed.), Areas of 
psychology. New York: Harper, 1954. 


Birch, H. G., & Belmont, I. Perceptual analysis and sensory integration 


in brain-damaged persons. Journal of Genetic Psychology, 1964, 
doped J 3-179. (a) 


Birch, H. G., & Belmont, I. Auditory-visual integration in normal and 


retarded readers. American Journal of Orthopsychiatry, 1964, 34, 
852-861. (b) 


Birch, H. G., & Belmont, I. Auditory-visual integration in brain- 
damaged and normal children. Developmental Medicine and Child 
Neurology, 1965, 7, 135-144. (a) 

Birch, H. G., & Belmont, I. Auditory-visual integration, intelligence 


and reading ability in school children. Perceptual and Motor 
SKiahse 909. 20s5 200-309 .,4D) 


Birch, H. G., & Bitterman, M. E. Reinforcement and learning: The 
process of sensory integration. Psychological Review, 1949, 56, 
292-308. 


Birch, H. G., & Bitterman, M. E. Sensory integration and cognitive 
theory, Psychological Review. 1951,°50, 355-361". 


Birch, H. G., & Lefford, A. Intersensory development in children. 


Monographs of the Society for Research in Child Development, 1963, 
28 (5, Whole No. 89). 


Birch, H. G., & Lefford, A. Visual differentiation, intersensory 
integration, and voluntary motor control. Monographs of the 
Society for Research in Child Development, 1967, 32 (2, Whole 
No. 110). 


Bissell, J., White, S., & Zivin, G. Sensory modalities in children's 


learning. In G. S. Lesser (Ed.), Psychology and educational 
practice. Uondon: ‘Scott Foresman & Co., 1971. 


Blank, M. Implicit assumptions underlying preschool intervention 
programs. Journal of Social Issues, 1970, 26, 15-33. 


Blank, M., & Bridger, W. H. Cross-modal transfer in nursery-school 


children. Journal of Comparative and Physiological Psychology, 
1964, 58, 277-282. 


= ; : 65 se Es iT * Pod 7 J of 5 169 g A as Groat 198 a ; 
: stvel .(.ba) teentiys¥ .0 ant 2p eninisal ae) 
4 ++ l ¢ s2263] .f - ToV Agitsoube i . 


i+ ‘gh i 


ie « 

- 4 * * ; 21 5 nes 
i wrvaned sv iS tapos bas on tbo A. moe aaa a ou 
» 06-185 02 , coef spotedayes” : 


ce ove TOM 4 i ypol orl lIY2g ovizs 15g mo. uo tl ig soni _ 
PUT . 1997 caro walt. ~ypoforoyeg = 


: —_ _ tr z 

; : » 

\ f q O2N82 An : 2frey{ 5 If SF S97195 I inom 98 x ; i) H eft: +t 
poforayes atsonap to Isaiwol .enoes q bepsmsb-ni BYd AF ic ‘ 

\ (a) RNC ENS ell 


t Gil i Ar morss tps nr [euerv-yvrori b vA | ssveagres g t oO ft tae Lae 
of .untatdoyeqodsy0 To fsavo _ np tami ‘2190597 babystey 
Te ty ae a . 

a ; 4 * 7 

norsisypsdat Seuetv-yryottbuA .1 ,Fnomisd & . a * 

rboM | } 0191 sf Frio l earvon bas bopems 5 


} - 
(5) .DbT-26! 1 spre vpofows ae 


. ra = ‘r 
rf ,norteipsint teverv-yiotfowR...1 , tnomiad eed aflonté 
ns [sutgesys4 .nswblids fooroe at yttihds pritbsay bi BN 

(d) .a0€ of S$ .0S .coef * eae 2 
; WHE big taemsorota rel re a O ¢ Bolt vio iff 


waive fsofeatonoyes .noltaipsini yroense ¥0 229207q 
. sp \§ -80E-SES 


: hex ; 
‘t3inoos bie nofistpsiar yyoens2 .3..M ,nemysiiia r re 9 gator € 
106-86 BE , [eT .wotved isoigolonoye’ srost t+. 


.ceybi irda af tnamgoleveb wroeneaisinl . .A bites 8 a. : 


nsmgotsvoG blidd mt foysseoh vot yrs ro0@ ait to erga 


- 


| yYoensersinr .noftsrinsysTttb [svety uA, byottsl- 3 oO 
. sat. to fieenenct _ odno0, t0ot0m ‘exes brie \cbtdergatal 
at ofl OS 007. Sngaao! fovad blind nt dowsazeh 10} ysstoo ? 


168 


Blank, M., & Bridger, W. H. Conceptual cross-modal transfer in deaf 
and hearing children. Child Development, 1966, 37, 29-38. (a) 


Blank, M., & Bridger, W. H. Deficiencies in verbal labelling in 


retarded readers. American Journal of Orthopsychiatry, 1966, 36, 
840-847. (b) 


Blank, M., & Bridger, W. H. Perceptual deficiencies and conceptual 
deficiencies in retarded readers. In J. Zubin (Ed.), Psychopathology 
of mental development. New York: Grune & Stratton, 1967. Pp. 401- 
Al2. 


Blank, M., Weider, S., & Bridger, W. H. Verbal deficiencies in abstract 
thinking in early reading retardation. American Journal of Ortho- 
psychiatry, 1968, 38, 823-834. 


Boernstein, W. S. Perceiving and thinking: Their interrelationship and 


Organismic organization. Annals of the New York Academy of Sciences, 
1970, 169, 673-682. 


Bortner, M., & Birch, H. G. Cognitive capacity and cognitive competence. 
American Journal of Mental Deficiency, 1970, 74, 735-744. 


Bouchard, T. J. Current conceptions of intelligence and their implica- 
tions for assessment. In P. McReynolds (Ed.), Advances in psycho- 
logical assessment. Palo Alto, Calif.: Science & Behavior Books, 
1968. 


Bridger, W. H. Cognitive factors in perceptual dysfunction. In D. A. 
Hamburg, K. H. Pribram & A. J. Stankard (Eds.), Perception and its 
disorders. Baltimore: Williams & Wilkins, 1970. 


Brim, 0. G. American attitudes toward intelligence tests. American 
Psychologist, 1965, 20, 125-130. 


Bryant, P. E. Comments on the design of cross-modal matcning and cross- 
modeimetransters, cortex, 1960, 4 ail27=—13/; 


Bryden, M. P. A model for the sequential organization of behavior. 


Canadian Journal of Psychology, 1967, 21, 37-56. 


Burt, C. Inheritance of general intelligence. American Psychologist, 
NSA ahs Wks tol weil 


Burton, D., & Ettlinger, G. Cross-modal transfer of training in monkeys. 
Nature, 1960, 186, 1071-1072. 


Butcher, H. J. Human intelligence: Its nature and assessment. London: 
Methuen, 1970. 


Butters, N., & Brody, B. A. The role of the left parietal lobe in the 
mediation of intra-modal and cross-modal associations. Cortex, 
1968, 4, 328-343. 


q yw + 
smo) «(HW YaDb ING 6 oP 
, =) 7 ¢ BS 5 " pe 
| ) .neibhins patsead | 


P a ~ c al ~~ 
165 7 O81 .2 OSs DY8I 
vant a. in re 
\ j Uh6-0 
“ hee 
‘ ‘2 ‘ 
Th HW QDI 1B oul 
; Sathana bay 
ty¢ ONEISY Vi eo rons Torts 
1A ob me ie yeb- F in 0 ¥ 
et aot ~* omgot! "v8 ddd Sell 
et 7 = ra 
» +a 
oa 
: t? a> jae os sei) Mw 
~ is Agh ‘cc fy 
_ ~ iF J e a ‘< ht te ‘ é«}? 
» ee ee hy & pf wal ee 3 
; 9) iby ! iwa thi JIE ATI 
a Ae n . ao - *~ 
-ES8 . 8, ,B0GL. <yratdoy 
ay 4 a meatal 
5 “| > ’ + 
, otivieowsd .2 Wnts 
o>] 2 
e a en ce res ke mg cn re 
one ri OS ca eat ae 
— 3 $83 P =~ y oy . a4 
: ial “E\s 3: 220! ¢€ ie 
—— Se 7 
ks = 
795 MOOS os phir 
~ 4 t mY ” rr. “iti 
* aa wee iv i ta 
2 P ™: « — . vr hye out” 
" == re wo JAE os 
: tr} i i 3 ot 2 > 
i 1 CPD ee be ad 
Di 5 iSce 
~~ yy Aiea hale eat 
9g fi J6% SViFThtaQ 
‘ F “4 ' _. , 
3 t p32 5 msxerrd. .h 
‘ ‘ . < r a 
' bite ; c j J mts + ho 
‘ 40 Ae dal 
"} : 7 2 Hutt tis 1 « 
704 ne > Waa; i) r 
C31 -sUa aet det patonay 
ra 7 
ie - 
j i : F 
: $ : Rt ; + 
£2099 70 npteeb edt no etoonold 2 
—" — A oO ry os aw 7 “_ 
ra=—\a} a P Age f er 33 es s19t2N5 VS 
« et 


4 


a f P+ — wt wernt gq 
“orveieda 7 ioitestaspto [atineupse ens Yo fgbom f | i saby" 
: 22-& -t§ ,Vae! -ypotors w2d yo. » | ial aL iA nao” 
7: ij ; : ’ : ie we i 5 


| 
+ 


iv 


otnt Teven 20 ogni = 


7 URL -c He 


169 


Campbell, D. T., & Fiske, D. W. Convergent and discriminant validation 
by the multitrait-multimethod matrix. Psychological Bulletin, 
1959, 56, 81-105. 


Canadian Lorge-Thorndike Intelligence Test. Toronto: Thomas Nelson, 
1967. 


Carroll, J. B. Psychometric tests as cognitive tasks: A new "Structure 
of Intellect". Technical Report No. 4. The Office of Naval 
Research, May, 1974. 


Cattell, R. B. Theory of fluid and crystallized intelligence: A 


critical experiment. Journal of Educational Psychology, 1963, 54, 
1-12. 


Cattell, R. B. The scree test for the number of factors. Multivariate 
Behavioral Research, 1966, 1, 245-276. 

Caviness, J. A. Visual and tactual perception of solid shape. 
Unpublished doctoral dissertation, Cornell University, 1964. 


Chalfant, J. C., & Scheffelin, M. A. Central processing dysfunction in 
children: A review of research. NINDS, No. 9. Washington, DC: 


US Department of Health, Education & Welfare, 1969. 


Clark, H. H. The influence of language in solving three-term series 


problems. Journal of Experimental Psychology, 1969, 82, 205-215. (a) 


Clark, H. H. Linguistic processes in deductive reasoning. Psychological 
Review, 1969, 76, 387-404. (b) 


Clark, H. H. More about "Adjectives, comparatives, and syllogisms": 
A reply to Huttenlocher and Higgins. Psychological Review, 1971, 
78, 505-514. 


Clark, H. H. On the evidence concerning J. Huttenlocher and E. T. 


Higgins’ theory of reasoning. Psychological Review, 1972, 79, 
428-432. 


Coan, R. W. Facts, factors and artifacts: The quest for psychological 
meaning. Psychological Review, 1964, 71, 123-140. 


Cochran, W. G., & Cox, G. M. Experimental designs. New York: John 
Wiley, 1957. 


Cole, M., & Bruner, J. S. Cultural differences and inferences about 
psychological processes. American Psychologist, 1971, 26, 867-876. 


Cole, M., & Bruner, J. S. Preliminaries to a theory of cultural 
differences. In I. J. Gordon (Ed.), Early childhood education. 


The seventy-first yearbook of the National Society for the Study 
of Education. Chicago: University of Chicago Press, 1972. 


Cole, M., Chorover, S. L., & Ettlinger, G. Cross-modal transfer in man. 
Nature, eo ball. iz225-| 226. 


eat 
notisbthsv tnewtntyaeth bas teapisvecd Wd lata 8, .T .6 .tfedqu 
ntjal ive Tsotpolodayed — kFot sin boitoaesta fume ies ml on “a 


-noafsh 2smodT sodmoxeT «dest sons ifistal sadtbor 1-3 


eiusourte” wan A setess culties 26 et293. siete i * Tory 
revell to 9oft70 SAT . .of Jvoqeh hedian > | 328i Tein 49 


4 ver exalt daised 


<— 


A :sonegtifetat bestifateyro bas btul? To ywoontT =. . Giese 
se eper ‘ ypoterayed Tse Isnottaoubs to fsawel ee ce 4 


pe 


Pasvto tum _2tosaBt To nadiusn aid tot dest Sorde SAT .2 Hy Tiss 


.OVS-das .f ,0@!.. dors92an csi 


agate btfoe te nofiqeoveq feudoss bs: feuet¥Y .A .2eaniv 
Age% .ytrevevtad Theirtod .sof tistyseath Isvotoob bane aga 


nf AG AEELEREA pnt ecenorg! sino) .A .M .ntfertendse $ 4d b nent 
‘JG nodpatdesw .@ son -eqhin 6. dov6929% To watvet A. sworblids 
.eaet weaian INrortspw 


ri 
} 


oatyee mrist-sewad antvfoe ot sesupnst to ere it re onett 
.) .2FS-208 .$8 ,Cd@i .ypotonoves fednemtysqx3 Yo fenwol ems dowq 
Testpoforioy2d .pninoeesy evi syaubeb nt eseesoorg atsetupntt ae Hoe 6 
(d) .POR-T8E Bf C00) wale 

“ane fpotiye bas , 2evTsstsgmeo -zevitostbA” Juods: 310M a Parin 

. PYeT yee isotpotonoy2$ -entoe th bas Sale d iene od Toe : 


* 


.T:,3 bas sedsofnad tl «Gb eninsan09 aidan CTR) n HH ral 19 
OX .Siel .wakver Leotperete .pntnoaset To eae rahe 


1 tzoup adT ;2tostiivs bas 2104267 24964 | e a 50. 


féarpoloisy2q 10 
OPT -EST Ae sgh onli permed -ef 


170 


COV wad) san UUICKw ss cedar. Ue Ine CULcural. COonLeXt. OT 
learning and thinking. New York: Basic Books, 1971. 


Connors, G. R., Schuette, C., & Goldman, A. Informational analysis of 
intersensory communication in children of different social class. 


Child Development, 1967, 38, 251-266. 


Cronbach, L. J. How can instruction be adapted to individual differences? 


In R. M. Gagne (Ed.), Learning and individual differences. New York: 
Charles. E. Merrill, 1967. 


Cronbach, L. J. Five decades of public controversy over mental testing. 
American Psychologist, 1975, 30, 1-14. 


Das, J. P. Patterns of cognitive ability in nonretarded and retarded 


children. American Journal of Mental Deficiency, 1972, 77, 6-12. 


Das, J. P. Cultural deprivation and cognitive competence. InN. R. 
Ellis (Ed.), International review of research in mental retardation. 
Vol. 6. New York: Academic Press, 1973. Pp. 1-53. 


Das, J. P. Patterns of cognitive abilities: Simultaneous and successive 
information integration. Paper presented at the meeting of the 
Western Psychological Association, Anaheim, April, 1973. (b) 


Das, J. P. Structure of cognitive abilities: Evidence for simultaneous 


and successive processing. Journal of Educational Psychology, 1973, 
65, 103-108. (c) 


Das, J. P., Kirby, J., & Jarman, R. F. Simultaneous and successive 
syntheses: An alternative model for cognitive abilities. 


Psyenological Bulletin, 1975; 82, 87-103. 


Das, J. P., & Molloy, G. N. Varieties of simultaneous and successive 


processing in children. Journal of Educational Psychology, 1975, 
67, 213-220. 


Dockerell, W. B. (Ed.). On intelligence. Toronto: Ontario Institute 
for Studies in Education, 1970. 


Dzuiban, C. D., & Harris, C. W. On the extraction of components and 
the applicability of the factor model. American Educational 
Research Journal, 1973, 10, 93-99. 


Dzuiban, C. D., & Shirkey, E. C. When is a correlation matrix 
appropriate for factor analysis? Some decision rules. 


Psychological Bulletin, 1974, 81, 358-361. 


Eagle, N. The stability of Lorge-Thorndike IQ scores between grades 
three and four and grade eight. Journal of Educational Research, 
1966, 60, 164-165. a OO 


~ ¢ t ban} r * ere 
rs he tai cS : NBO 


yf Ler oa ie 
onl an eo ‘ + 7 
“ro Wor) rf arani ae = pn 5 grt brits 189 .? 


_—<- ese — 


- s a. tt ae 
; Hfot £ 0 ¢ 983+ suit: 2 , 8 .o , oor 
ms eS lM os 
> fr Of $a aay OD y102n 2 inf 


ied 
iT Of fotoot 
Ps - owe ciw ‘5 
a = Sg ce 
er ‘ . _—) a 
i - } 0D ') a) 
mn * 
¢ ‘ sired a 
i> id w LF he wos 1 
t 7 
n , ‘ r 
nm, tin ey bares 4 
5 ISVET 10 is 
ai ,.j5wn + ese ie 7, 
7 no; Siiesns 
o a ye) 
= : nage 4 ‘ies aoe 
at pt Oe Pe . ‘Oj 
' 
- + Ve _~ ri 
Vi ripboo oO eli 
’ -e os gaunt a 
evg 199689 .aoRherpads 
f 173 i £7 ft ro 
WOfus O22n (BOTOOMH 
‘ 
- i. y > are 
t i {| O27 ( * A? 
vwot .pnteesdorg 5 
me {»\ 
vl 
— r 9 f 
e th \ a 
oe ee, 
5 BNIES 416 
' +a lf La) 
# % af re Si td 
at Oe em tithe it 
as 
in akc? :- 5 by | Fs 2 
> 2etistnsy He d 2 
» [enwwol .mayD {Fria 
Seep eter 
a - 
it a ; ‘ 
aoe 7-30.) es ae - wT ba 4 & 
59702 bi feini no »\ 4); oa 
ee Wea 


ONCE. «oT SBaUba: At est bus 
7 pears - 16” 

ial 
Vi lidss 


es... : 
, 1 ant 


17] 


Ebel, R. L. Expected reliability as a function of choices per item. 
Educational and Psychological Measurement, 1969, 29, 565-570. 


Ebel, R. L. Why is a longer test usually a more reliable test? 
Educational and Psychological Measurement, 1972, 32, 249-253. 


Elashoff, J. D. Analysis of covariance. A delicate instrument. American 
Educational Research Journal, 1969, 6, 383-401. 


Elliott, D. N., & Trahiotis, C. Cortical lesions and auditory discrimina- 
tion: Psychological Bulletin, 1972, 77, 198-222. 


Ellis, N. R. A behavioral research strategy in mental retardation: 


Defense and critique. American Journal of Mental Deficiency, 1969, 
735850/-560, 


Ellis, N. R. Memory processes in retardates and normals. InN. R. Ellis 
(Ed.), International review of research in mental retardation. Vol. 
New York: Academic Press, 1970. 


Estes, W. K. Learning theory and intelligence. American Psychologist, 
1974, 29, 740-749. 


Ettlinger, G. Analysis of cross-modal effects and their relationship to 
language. In C. H. Millikan & F. C. Darley (Eds.), Brain mechanisms 


underlying speech and language. New York: Grune & Stratton, 1967. 


Eysenck, H. J. The logical basis of factor analysis. American Psycholo- 
gist, 1953, 8, 105-114. 


Ferguson, G. A. On Jearning and human ability. Canadian Journal of 
Psychology, 1954, 8, 95-111. 


Ferguson, G. A. On transfer and the abilities of man. Canadian Journal 
OLsPSychologyiergs6sol0, Ti2zlst3sk? 


Ferguson, G. A. Human abilities. Annual Review of Psychology, 1965, 16, 
39-62. 


Fischer, C. T. Intelligence defined as effectiveness of approaches. 
Journal of Consulting and Clinical Psychology, 1969, 33, 668-674. 


Fiske, D. W., & Butler, J. M. The experimental conditions for measuring 


individual differences. Educational and Psychological Measurement, 
1963, os 249-266. 


Ford, M. P. Auditory-visual and tactual-visual integration in relation 
to reading ability. Perceptual and Motor Skills, 1967, 24, 831-841. 


Frary, R. B. Elimination of the guessing component of multiple-choice 
test scores: Effect on reliability and validity. Educational and 


Psychological Measurement, 1969, 29, 665-680. 


aha 


oie 
me: g jahonds to aotsonut 6 28 usiltdetier bed2eqx3 wy (96 
1~29e eaet .Jagme rena bAS wp fenotssguba: wi 


del 


So 
i — 


r " . 7 v - 
af dsftisr rom 6 x{{sueu 329d wertol 6 et ya. A .fod3 
7 erp 4 YSmMS't 250M featogtoroyed bi 16 sno! Hisaubd 
? Mm oe boy tg aoe as 
7 ° v4 = 
ent steorfeb A .somstysvod F eteyfenA  .% é*or2e!3 
TOP-€8E .2 .@3C! -feniwol Aaises2sr [snottsoub3 - 
Aiea ee a 


eongunnal sn enn oo os 


—— 


6 eddotesl Isotived .0 ,2tso seieAT B.A <ij0i1t 
sS8-807 . TX Sve! nbtal tua faotpoforoy29 HORS 


, ~ —— eee 


tay (stnem nt ypetsyte dowesest fevotvshed A.A. ae 
2ite0 [sineM to Lanwobl, nso rrsma +UPTS TNO bie gene 


Pp ; opel 
on br 19% nif-zsz22e9001q YVOTEM LA OH 
atuan loankttenvatnt 
5] i TO wSivst isnorstsnissn: ef 
eaemenates ae : mee Tee ee ne 
~ =f eeeott THs BOA 2A roy 
7 ” * 7 % 
2 ie - if DNS VYGSHAS pnr 1" 69J | 
PAL -Oh ‘ * S > 
ee So ' he ee 
efa9TTS isbom 22079 TO atevisnA a) <79pr us 
f » et nha . a i 
.203) ¥SstyeU .4 8 aearirrm A. speuenet — 


, opm. :i¢0¥ well .spsupnel pie fhoseage onty lot ‘oe 
j “27. > 7. <2 —— | : a is or 

: Sheed ee. aoe : dig: a 
-0! ofi>' YOu -2tevféas yodast to. 2fesd [satpet sAt wins ho noe 
7; Reis -c0f cB Eck eT a at 


° ~ ee 
, ’ X: G6 féi DIT a at nw _ at ae “ 15 
ia a he iif-ce .8 cet potodayz 


$ ‘ + % | ree ; 
_ fe fi ; : 1S 2 fy a}iti TO 25 f a r f : ds. a I | iy p fY 5 i: 7 en ond no A te Pym 
: | r saeer F cwpotets tet i 


a% 
. 


anep tT fetal : f 
pats luendd. to 7 sare ob 


ere al to 229 
€£ eae! . 


ed 


172 


Frederiksen, C. H. Abilities, transfer, and information retrieval in 
verbal learning. Multivariate Behavioral Research Monograph, 1969, 
69-2. 


Freides, D. Human information processing and sensory modality: Cross- 
modal functions, information complexity, memory, and deficit. 


Psychological Bulletin, 1974, 81, 284-310. 


French, J. W. Ekstrom, R. B., & Price, L. A. Manual for kit of reference 


LCS Vom) OGECOONdUIVesracu0lswenev ised 1963. "Princeton; N.d.: 
Educational Testing Service, 1963. 


Gardner, D. B., & Judisch, J. M. Intersensory transfer of training in 
young children. Perceptual and Motor Skills, 1965, 20, 802. 


Garner, W. R. Good patterns have few alternatives. American Scientist, 
1970, 5S, 34-42. 


Geschwind, N. Disconnexion syndromes in animals and man. Part I. Brain, 
1965), 884.-237-294- 


Gibson, E. J. Principles of perceptual and learning development. New 
York: Appleton-Crofts, 1969. 


Gibson, E. J., Gibson, J. J., Pick, A. D., & Osser, H. A developmental 


Study of letter-like forms. Journal of Comparative and Physiological 
Psychology, 1962, 55, 897-906. | 


Gibson, J. J. The senses considered as perceptual systems. Boston: 
Houghton-Mifflin, 1966. 


Gibson, J. J., & Gibson, E. J. Perceptual learning: Differentiation or 
enrichment? Psychological Review, 1955, 62, 32-41. 


Gilbert, G. M. Intersensory facilitation and inhibition. Journal of 
General Psychology, 1941, 24, 381-407. 


Glass, G. V., Peckham, P. D., & Sanders, J. R. Consequences of failure 
to meet assumptions underlying the fixed effects analysis of variance 
and covariance. Review of Educational Research, 1972, 42, 237-288. 


Glass, G. V., & Stanley, J. C. Statistical method in education and 
psychology. Englewood Cliffs, N.J.: Prentice-Hall, 1970. 


Goodnow, J. J. Matching auditory and visual series: Modality problem 
or translation problem? Child Development, 1971, 42, 1187-1201. (a) 


Goodnow, J. J. The role of modalities in perceptual and cognitive 


development. In J. P. Hill (Ed.), Minnesota Symposium on Child 
Psychology, V. Minneapolis: University of Minnesota Press, 1971. (b) 


hi 


el is? 
ry ree 


nN 
B. 
4 
4 > 
=f 
J 
i 
=i - 
fd } 
j : 
a 2 
~ 
= 
* 
~~ ~= 
S 
. * 
: ol 
59} 
ns , 
OD 
_. t 
i} A > fa 
\ 
- 
at j Poy * 
Wal . V @ ig 
be = 2 ‘4 
3S o 
+s] DSX i Jtid 
a os 
' 
o 


« ~*~ 
ii 4 
ad ’ Z 
4 aka} bbe ge +4. tr Pa 
iat tenrtornat .ehotsonut Tebom—~ 
5 a >a et: of es 
fi ,AFISribG 165 re so Foray 
' ® 
| g on ro 7 ly 
7 ee fl 161, bad " 
- sh béktAnnhy > 
207 387 IVES gu 02 OF 
meee. ote ern tecomeenpls ins araee 3 
e° in? “we Sal Tenor 
SaTvis:« eee ) '6H08 


a ? 4 
if frebow ana tz qmzes 
33 ry 6d) a i 


i> | " 

’ a eae, ot ss 
Po a 

' f i T)6)| SPNMENISS 


ee 
- 


i > i 
nt pb init PS eee ceabtev? 


> 
fs r wy a5 orn h fede 
i GUO peep 9 aby Pilw 
¥ 
. ye ae ’ c 
vel 2enystisa boo) x 
PAL AC | 
‘ -SP-BE 200 
7 ’ 
" tue . 7 a) 
tS f ix WioS2rVU al : 
anne rre ) 
Bes “\t. 88 
i 
Le 5 f 1h are by 4 f, 
' a? ‘ met rhe es » & 
ae — aes nie 
—>2 Ms | ‘antec taah 
Oe e310” MOT Ss gun 
é 
ts ) oa i ar r 
oe 5° 
} { e es -(We itn . 77 ’ 
33 atta) ‘Ut 
- A 
J ,oati=-iWgsT9! ine) abu 
‘ “3° Wager td Vv 
“tu 4 * CG .~aGct .ypolo EN | 


. -> | - 
oi if ab rhe ef 
TTiK-nogdg 20H 


f * 
} lf ave ~ a | 
7| ib OF OF D¥ a1 hie 
-> a —7, 
1 D6?. YVOSRSS7E 
a ¢ ‘ 7 = * 
BS -[hOh .v wpe tor: oye 4 te ‘ariad 


ae oe 4 ination’ 


ny a) spaivsie re os J 


We 
Gorsuch, R. L. Factor analysis. Toronto: W. B. Saunders, 1974. 


Graham, F. K., & Kendall, B. S. Memory-for-Designs Test: Revised general 


manual. Perceptual and Motor Skills, Monograph Supplement 2-7, 1960, 
dl, 147-188. 


Green, B. F. Current trends in problem-solving. In B. Kleinmuntz (Ed.), 


Problem solving: Research, method and theory. New York: John 
Wiley & Sons, 1966. 


GUITTOQd ses shee es thgeestaces ofeintel lect. American Psychologist, 
1959, 14, 469-479. 


Guilford, J. P. The nature of human intelligence. New York: McGraw- 
Hiddaedl 9672 


Gulliksen, H. Looking back and ahead in psychometrics. American 
Psychologist, 1974, 29, 251-261. 


Heal, L. W. Research strategies and research goals in the scientific 
Study of the mentally subnormal. American Journal of Mental 
Det ClenGys919/05 75, 10-15. 


Hebb, D. 0. The American revolution. American Psychologist, 1960, 15, 
735-745. 


Hermelin, B., & O'Connor, N. Recognition of shape by sound and subnormal 
children. British Journal of Psychology, 1961, 52, 281-284. 


Hermelin, B., & O'Connor, N. Crossmodal transfer in normal, subnormal 
and autistic children. Neuropsychologia, 1964, 2, 229-235. 


Hess, W. R. Causality, consciousness, and cerebral organization. Science, 
1WOG7fayloG98).2 79-1283. 


Hoffman, B. The tyranny of testing. New York: Crowell-Collier, 1962. 


Holden, E. A. Unimodal and multimodal sequential information processing 


in educable retardates. Journal of Experimental Psychology, 1970, 
O65 ALS 185% 


Holloway, G. F. Auditory-visual integration in language-delayed children. 
Journal of Learning Disabilities, 1971, 4, 204-208. 


Hopkins, K. D. Regression and the matching fallacy in quasi-experimental 
research. Journal of Special Education, 1969, 3, 329-336. 


Horn, J. L. Organization of abilities and the development of intelligence. 
Psychological Review, 1968, 75, 242-259. 


ett 
VOT .2vebrwe2 of We rosnoToT 


[syensp boztveah 3287 anpteed-10F 
O8@F .5-S gnsmsigqque das wponem . 


.(.b3) staumntefA .4 al spnivioa-motdorg at ae 
aiiol :ascY we. tk m6 bodtiom ql eet : 


\ae rier at ia a 
et2tpeloday29 nsotveml .doaffetnt to esos? aa . es by 
* -Rah «ttt t ‘a 
bt SiOss 3% 


] 5 7 i‘ 
-we1doM i s40Y wall .Sonapiffatat nemur to susan oT 4°. ebot 


mesitomA =. 2abutamodoyeq nt pees brs doed ete 
T8S-12S OS yb¥el et 


2tttinetoe-edt at 2fsop ‘Horss2e7 bas Be eerie pabiel. Wide 


{stnoM to Isavwol nesiismA — . latrrondve: pb saben aft To \ _ 2 
eOF-OF 22h eONeT eyangts pe 


5 


-a{ ,0001 .Szetpofodsye4 62 F750 -noftufovet neste oat eo 


die Suhad. 
fsorrondu2 bos bowoe yd sqede to ‘crite | ones? Coke ant 
88-188 .S$d .f80T .vpoforoyed 7o fae agig 48 
Lan 


femrondue . fearon af yatensit [sbomezo1) , i scm e 8 ole 
28-888 .$ hdl .Bfpofodoyego wen prince athe f° 


3msic2 .nottsstnspyofewerssbns <2zanauor2enod” ushl coun ‘Wows 
— EOS R581 BEE « NOT 


SaeT .1stllod-[fowowd avo wl pakiaas +6 wise: oft oo 


antz292079 spideonet istineupse [sbontifum bas fsbomtal A 3 smo 
i 28 {ss if ya to ? -ssbsbtor ldiobe 


Er 


=i z 


t 


18 mags 


“4 CTC 


sere randy nt 


il 


dye | 
aie 


ae . 
acEES 


7a 


fe 


174 


Humphreys, L. G. The nature and organization of human abilities. In 
M. Katz (Ed.), The 19th Yearbook of the National Council on 
Measurement in Education. Ames, Iowa: National Council on 
Measurement in Education, 1962. (a) 


Humphreys, L. G. The organization of human abilities. American 
Psychologist, 1962, 17, 475-483. (b) 


Hunt, E. What kind of computer is man? Cognitive Psychology, 1971, 2, 
57-98. 


Hunt, E., Frost, N., & Lunneborg, C. Individual differences in 
cognition: A new approach to intelligence. In G. H. Bower (Ed.), 


The psychology of learning and motivation. Vol. 7. New York: 
Academic Press, 1973. 


Hunt, J. McV. Has compensatory education failed? Has it been attempted? 
Harvard) Educational Review, 1969; 39)°°276-300. 


Huttenlocher, J. Constructing spatial images: A strategy in reasoning. 
Sy ChOlOd Wed TRCN IEWs81 960, /5, 050-560. 


Huttenlocher, J., & Higgins, E. T. On reasoning, congruence and other 
matters. Psychological Review, 1972, 79, 420-427. 


Ilg, F. L., & Ames, L. B. School readiness. New York: Harper & Row, 
1964. 


Jarman, R. F. Visual imagery processes in children: Research results and 
their implications for theories of cognitive development. Unpublished 
manuscript, University of Alberta, 1973. 


Jenkins, J. J., & Paterson, D. G. (Eds.). Studies in individual 


differences: The search for intelligence. New York: Appleton- 
Century-Crofts, 1961. | 


Jensen, A. R. How much can we boost IQ and scholastic achievement? 
Harvard Educational Review, 1969, 39, 1-123. 


Jensen, A. R. Hierarchical theories of mental ability. In W. B. 
Dockrell (Ed.), On intelligence. Toronto: OISE, 1970. (a) 


Jensen, A. R. A theory of primary and secondary familial mental 
retardation. InN. R. Ellis (Ed.), International review of research 
in mental retardation. Vol. 4. New York: Academic Press, 1970. 


Pause 100.e( bem 


Jensen, A. R. The role of verbal mediation in mental development. 
Journal of Genetic Psychology, 1971, 118, 39-70. 


P e ; Ror: @ 
on HT LOE avshitq we 


) ‘ ) ’ ber H yyirl } 
. oes dyeoY HOF sat (0 b3) syed : 
bwol ,29mA NOT S6SURS m2 jasmawe aM a} a 
. f ,qorSeauns Af r Fromeiwe oe S. 


nod Yo norhestispyo, of] a = 5 -2ysrrt ‘Ul 


4 
; : c san Tf af 
( t 4 ‘ 4 4 i a € J =< rpotor: Ei 
P », vik « nrebeese ». wr ‘ bo pt 
: tam ef YSTuGqMoD FO bata sow 
-_ : CG ~ é 
Oe we BP @. 
- es 
Li] : : : 
' ae ere 1 elie 
» POC yiib3 4 eo T20T ¢ 


0} dosorggs wer A :noftstapoo 
epee: " 


: i. » a =| a 7 
n DGS DAKISS! TO YROlOnoysG oe fh 
ps : ARAL CALLE CABLE A Sn. BS 
R VEN «4 22974 3 itt 3) O69 
~~ 7 7 : A 
2ubSs yIorsensqmos 26H .V< iM oon j 


4 Z d ¢@ Fate A . 3 + 
we 7. ¥or ¥* 5} LST rfsoub3i: DT ev" 7 


if 


G2 (partouyFeiod 6 “cota 
iv 880% ywotval Tsotpafodsyes 
; ee x Pies 
(hee O .T 9 ,2nfoprh S ..t erstta0f 193: 
) feorpolongyed 218938. 


i? a sl 
S fies 


wa 


vs 


Jensen, A. R. Level I and level II abilities in three ethnic groups. 
American Educational Research Journal, 1973, 10, 263-276. 


Jonnson, N. F. The role of chunking and organization in the process of 


recall. In G. H. Bower (Ed.), The psychology of learning and 
motivation. Vol. 4. New York: Academic Press, 1970. 


Jones, B., & Robinson, T. Sensory integration in normal and retarded 
children. Developmental Psychology, 1973, 9, 178-182. 


Jones, S. Visual and verbal processes in problem solving. Cognitive 
Psychology, 1970, 1, 201-214. 


Jorgenson, G. W., & Hyde, E. M. Auditory-visual integration and reading 
performance in lower-social-class children. Journal of Educational 
Psychology, 1974, 66, 718-725. 


Kagan, J., & Kogan, N. Individual variation in cognitive processes. 


In P. Mussen (Ed.), Carmichael's manual of child psychology. Vol. 1. 
New York: Wiley, 1970. 


Kahn, D., & Birch, H. G. Development of auditory-visual integration and 
reading achievement. Perceptual and Motor Skills, 1968, 27, 459-468. 


Kallan, C. A. Rhythm and sequencing in an intersensory approach to 


learning disability. Journal of Learning Disabilities, 1972, 5, 
68-74. 


Klapper, Z. S., & Birch, H. G. Developmental course of temporal 
patterning in vision and audition. Perceptual and Motor Skills, 
1971, Oot 547-555. 


Kling, M. Some relationships between auditory and visual discriminations. 
California Journal of Educational Research, 1968, 19, 170-182. 


Krauthamer, G. Form perception across sensory modalities. American 
Psychologist, |959se14,° 396. 


Krywaniuk, L. W. Patterns of cognitive abilities of high and low 
achieving school children. Unpublished doctoral dissertation, 
University of Alberta, 1974. 


Kuder, G. F., & Richardson, M. W. The theory of the estimation of test 
reliability. Psychometrika, 1937, 2, 151-160. 


Kuhlman, E. S., & Wolking, W. D. Development of within- and cross-modal 
matching ability in the auditory and visual sense modalities. 


Developmental Psychology, 1972, 7, 365. 


Lashley, K. S. The problem of serial order in behavior. InL. A. 
Jeffress (Ed.), Cerebral mechanisms in behavior: The Hixon 
VGA A Wh Es a 


Symposium. New York: ley, 


fF . Pov -Mpotorcne bfrio to f[sunsm 2 setae Seed 


.Bdh-Ceb 1S .890l .2i ttle wom bns isusqsoye4 -Insmevornas pnib 


.enottentmpro2eth [suziv- bag ysotrTbus asowied ech tenoisaton 


eri 


.equorp atarte ee i el UAbdaed 1 
BS-£88 . OT Of .e%e — 


{vigaze fs ri62 


SB1-BU @ s£T@F « 


svistopod .enivioe mafderg nt 2se2a0019 Tadvav : Peuet | 
bTS-L0S el & EXP ULG 


ontbset bas noftseypstat feuetv-yrosrbwA. .M a.» ‘s a +2, <f0 
fsnotssouba to feaxwol .nevbi trio 2e619-lstooe-% SMC 


Sh, ee -2SN-8F0 .Bd ae | 
. 292299070 sviTinpod Af notisttsy lsubivibal ~ 


* a -At0¥ 
bit6 nol Sewosdnt fsuetv-yyortbus to snomaahegen oH ett s a me 


—— -Y r > 
a daso7046 vroensevetni ns nt ortomsypse bas ‘oun an: bey ef an 


2 -SiCT .2aithi tdsetd ontayss) to isnruol / NST Ptds2tb wr =i 


Tavogmad to sewed. fstnamgoisvyed .d..H oats Betis 


eziftde sotoM bas [eutgso%es .nofttbus. brs fotetv at un 
a88-The. ,: 


S8I-OTF .2f 8001 .kayeezon [snot soubs: 12 Fad 


nsotiomA .estiilgbom ywoense 220795 nots ganeg ano} 2 13 nbdtusw 
CE ST eeeel »: ay24 

wof bné Apt to 2ofstfids avtttapoo to envedse9 Wi rr Few 
sak gle cat fevorsob. aoa wa fda. lined 


iw @)- 4 


4 


Been ra) hd Noe 
“dal Tas NM a fass 


iis ata 
7 ities soe - 


ra oes SOM ke 


: nine ™ bas re 2 foe) 6 - : ovat 
. : : fH ie oi ns me a = Le * gir, oa > 7 oo LP 


i * ie ' . B 
oan ey Ae , Lod in 6 
's ‘ 
? fons a 


1. a ad . . 


176 


Lehman, E. B., & Goodnow, J. Memory for rhythmic series: Age changes 
in accuracy and number coding. Developmental Psychology, 1972, 6, 
363. * 


Leong, C. K. Spatial-temporal information-processing in disabled readers. 
Unpublished doctoral dissertation, University of Alberta, 1974. 


Lilly, M. S., & Kelleher, J. Modality strengths and aptitude-treatment 
interaction. Journal of Special Education, 1973, 7, 5-13. 


Liverant, S. Intelligence: A concept in need of re-examination. Journal 
of Consulting Psychology, 1960, 24, 101-110. 


London, I. D. Research on sensory interaction in the Soviet Union. 
Psychological Bulletin, 1954, 51, 521-568. 


Lucas, M. S. Assessment of coding behavior of trainable retardates. 
American Journal of Mental Deficiency, 1970, 75, 309-315. 


Luria, A. R. Human brain and psychological process. New York: Harper 
& Row, 1966. (a) 


Luria, A. RR. Higner cortical functions in man. New York: Basic Books, 
1966. (b) 


Luria, A. R. The functional organization of the brain. Scientific 
American, 1970, 222, 66-78. 


Luria, A. R. The origin and cerebral organization of man's conscious 


action. Proceedings of the Nineteenth International Congress of 
PSYCHOLOGY sm 07 lel Oca. 


Lyman, H. B. Test scores and what they mean. Englewood Cliffs, N.J.: 
Prentice-Hall, 1963. 


MacFarlane Smith, I. Spatial ability: Its educational and social 
significance. London: University of London Press, 1964. 


Magnusson, D. Test theory. Don Mills: Addison-Wesley, 1966. 


Marso, R. N. Test item arrangement, testing time, and performance. 
Journal of Educational Measurement, 1970, 7, 113-118. 


McClelland, D. C. Testing for competence rather than for "intelligence". 
American Psychologist, 1973, 28, 1-14. 


McGrady, H. J., & Olson, D. A. Visual and auditory learning processes 
in normal children and children with specific learning disabilities. 


Exceptional Children, 1970, 36, 581-589. 


i ) = cece, 

I¥AY OT YA meal 1 oe sacs O00 D eG Pa: 
sex! } rin whee HOE 

tC mis : ale be pao yors fais. brs YOST at be a 


bet rp t-band AS 
vf | S1OGiNes “1 6fJ6Ge¢ 


. sy hil) | fstyseetb fesoTa0b 


Cy aa 
ns enitarns wz hae sbo? .L .vanstifenk & qac a NITE: 
| Au Le : ied 4 161 ade. 79 Lsrwol haben i x. 
vel y = 7 at - 
. | oo A iponsptyisinl .c « 
+. : ipo Tadoye? pats lueno3. % 
~~ —— re — 
Le ie, Se ae 
: nah tant) «f? 27 
4g : (Weise HH) flavse2ash Pt ee “a! 
~ « BEC ; fishin a pre toyed : 


d pntbeo to: dasmazseeA iM 
‘tsa 4 enmisl nso bremA, 


. oS — sale eo — y 
‘a (qd 
X é 
e ~ ; 
z Md he : ' "0 710 m rs ony ' 
9 cor Ato 
U\ ¢ sa «Vit efi ak — 


- sa 

. peter a 2! ae te eee 
norysesrnacvo KiGaIS9 6 Arp J oT rT oT 
4 i itr + An rr 5 oni bes0749 ; <no1308 7 


a A = 


Byer ail) , 7 ~~ : ure ae iS 
¢ o- - ene ge in AO 


J t 44 , ° : J - 2 s mz 
: a - Cort tL a Talat ‘ 


rds ts tasq2 rao eildtme vet 


e * . ‘ + r 
; . pwd ‘ 7 . i ~ i 
——- ET ag PETS TLS ee ee ae 
- . | -ccto2? ioDnol iu Y 1ciwy rau « 0} ofiod D259. i 
a aa 
.- 


eR an crops 323k 


-tnamapaie- yt 
i ; nor: 


cisees AB <== 


7¢ 


McNemar, Q. Lost: Our intelligence? Why? American Psychologist, 1964, 
19, 871-882. 


Meehl, P. E. Nuisance variables and the Ex Post Facto design. In 
M. Radner & S. Winokur (Eds.), Minnesota studies in the philosophy 
or science. Vol. 4. Minneapolis: University of Minnesota Press, 
970. 


Messick, S. Beyond structure: In search of functional models of 
psychological process. Psychometrika, 1972, 37, 357-375. 


Messick, S. Multivariate models of cognition and personality: The need 
for both process and structure in psychological theory and measure- 


ment. In J. Royce (Ed.), Contributions of multivariate analysis to 
theoretical psychology. New York: Academic Press, 1973. 


Miller, G. A. The magical number seven, plus or minus two: Some limits 
on our capacity for processing information. Psychological Review, 
1956, (5) 81-97. 


Miller, G. A., Galanter, E., & Pribram, K. H. Plans and structure of 
behavior. New York: Holt, 1960. 


Molloy, G. N. Age, socioeconomic status and patterns of cognitive 
ability. Unpublished doctoral dissertation, University of Alberta, 
1973. 


Moroz, M. The concept of cognition in contemporary psychology. In 


J. R. Royce & W. W. Rozeboom (Eds.), The psychology of knowing. 
New York: Gordon & Breach, 1972. 


Muehl, S., & Kremenak, S. Ability to match information within and 
between auditory and visual sense modalities and subsequent reading 


achievement. Journal of Educational Psychology, 1966, 57, 230-239. 


Munn, N. L. The evolution and growth of human behavior. 2nd ed. Boston: 
Houghton-Mifflin, 1965. 


Neisser, U. Cognitive psychology. New York: Appleton-Century-Crofts, 
1967. 


Newell, A., & Simon, H. A. Human problem solving. Englewood Cliffs, 
N.J.: Prentice-Hall, 1972. 


O'Connor, N., & Hermelin, B. Speech and thought in severe subnormality. 


New York: Pergamon Press, 1963. 


O* Connor s.N dee Hermelin, B. Visual analogies of verbal operations. 


Language and Speech, 1965, 8, 197-207. 


Sea . 

dae .tetpoforisy2d nsotvamA Syd Toonapr fatal 10@.,s¥20) ys 
| 7 som 3 | 8 ds alr 
: a 
iofeab oto6i yeod x3 ond bas eatdetysy sorbet tui ate 
| 2gtbut2 stozonniM .(.2ba) ‘uplonl W128 ienbedl 
\iFeravinld ;effogssnnif!, 2 ..fov sont se 


ee 


* 


sv 


anwt Fo 4 bse al. -atdeadae bnoyas -2 alot 
.SVOT .sititomoroyed =. ceso0"g Tso! reofornged 7 
)2 bie f >> to afebom etstisvl 3 TuM sia steak 

it fpotpoforsy2d ni swid use bis 2289079 fitod 10} 


rstrsvitium to enotsudtyime) .(.b3) saved .b al SoM 
[22899 3imspson :210Y wall et [satis toad: Saal 


bie 


euntm Jo evia -nsyse yadmyn Tsotosm anit ie. 


[soroolodoyed .motsamriotnt enteesooywg wot yshosqso Wo. 
a NO-18 £8 beet 


a 
Bf tig) 


ii 


& 


ft Me 
2 ansaid .H LY .masdiv9 8 2.3 .reanel se csh 2 raft 
. oaer ttol sao welt “ohn ad 


A yi on 
aFmonos90 fr 902 (SpA A 2 Norton 


: “ : - 5 
pyadTA, to yti sin yne@tdsiyezeth TstorS0b bedat idvan vein 
| EXOT. 


~~ H nd 
. om . a 
: fogmetnos nf nortingos by tysonoo_ oft : 
) wed OAT .{.2eb3) moodesoh .W WS SD\OR 
S\OT .doseyd & = robo). Soi a 
ntatiw sotismrotat dotem ot vetltdA 2 lononet ree 


gibsos sneupsedue bas zottihtshbom s2nse Isuety bas ‘yrot thus nee 
s8ES-GES .\¢d .d8Cl wpolonayel fsnoitsoubl. To" Tenet ee : 
. * . 7 7 - 
:nog2z08 .bs bn$ -rofvsied momun to sdworp. bas. aot jufove ont. yh 


zw enon Somer “ERT «atl eM ined 5 


23101 -y us a89 nogetqgk .:aveY wo .ypofodayeg -ovtsimpoo ee ” 
LN - ¢ - r mY 1a vy fae ‘ 
vio £ mic of u a 


- 


178 


O'Connor, N., & Hermelin, B. Inter- and intra-modal transfer in 
children with modality specific and general handicaps. British 
Journal of Social and Clinical Psychology, 1971, 10, 346-354. 


Ogston, D. G. The technical standards of intellective tests used in 
Alberta elementary schools: A review. Alberta Journal of 
Educational Research, 1973, 19, 270-283. 


Oosterhof, A. C., & Glasnapp, D. R. Comparative reliabilities and 
difficulties of the multiple-choice and true-false formats. 


Journal of Experimental Education, 1974, 42, 62-64. 


Orn, D. Intelligence, socioeconomic status, and short-term memory. 
Unpublished doctoral dissertation, University of Alberta, 1970. 


Ornstein, R. E. Right and left thinking. Psychology Today, 1973, 6, 
86-92. 


Paivio, A. Mental imagery in associative learning and memory. 
Psychological Review, 1969, 76, 241-263. 


Paivio, A. Imagery and verbal processes. New York: Holt, Rinehart & 
Winston, 1971. 


Pick, A. D., Pick, H. L., & Gliner, C. R. Developmental study of visual 
and haptic preference for shape and texture. Proceedings of the 


75th Annual Convention of the American Psychological Association, 
1967, 159-160. 


LIC MPs ihCks “ee DarmOukledti, Ree cemerernceptual integration tn 
Caneel nell OS) ot aaeGe CeeopiKer (Eds.); Advances in child 
development and behavior. Vol. 3. New York: Academic Press, 1967. 


REOUC EL TmICGOWdil seus sa DaAVUK, 8 Reo U., Ur. Mann, L.. Trerorrow, 
R. L., & Massa, E. The relative predictive and construct validities 
of the Otis-Lennon Mental Ability Test, the Lorge-Thorndike 
Intelligence Test, and the Metropolitan Readiness Test in grades 
two and four: A series of multivariate analyses. Educational and 


Psychological Measurement, 1971, 31, 529-538. 


Pylyshyn, Z. W. The problem of cognitive representation. Research 
Bulletin No. 227, March, 1972. University of Western Ontario. 


Pylyshyn, Z. W. What the mind's eye tells the mind's brain: A critique 
of mental imagery. Psychological Bulletin, 1973, 80, 1-24. 


Raven, J. C. Guide to the coloured progressive matrices. London: 
H. K. Lewis, 1965. 


Reilly, D. H. Auditory-visual integration, sex, and reading achievement. 
Journal of Educational Psychology, 1971, 62, 482-486. 


A ieee 
oe 7 
* a 
mig 
‘T 


a | 


' rH 


vee 
1 P - F - «| =~ 2 te 4 iy 
PI hE ‘ri a ni fens ot r re et? 


arti soue2 uit {sbom. { iti iv nartb I FF 


ti 
fornoyed Ieotntt pas [stood to Tsao | 
| ie re 
evysbaste faoteiset adT 2.0 ,to3200 
« ie il 7 = 
i Si Ve a : 24 o00ri3 Je ¥16 sei iis Bot 2dih—~ 
¢ the C } Vel ,fowses29h {snotdsoub3 
1 avtravsana fi . upesnestd B~.0 <A <Toradte00 
ind bie sotods-alqist om ety toe ests fusttttb 
Te! ;JEIUDG sinsmivegxa to _| [say aah 
. z bns .eutece dimonoosofooe .sonagh{ {9 ati wae ili: 
to Yshe i .mortedyeeerb Te 109906 barat Fuga 
: } i: 
. fintnt Stef bas Siprh# .3 A. nistemy 
is / | Sg 5 
ie Se 38 iy 
. stoo226 mt ytepemi TatnaM “hl vig 
— ¢ P ae . , ad 
. at del .wetwshl [sof porotioyet 
. rorg [ediev bas yrsosml 
ete seem i 1 CF 
~ ae Z 
, anfin 4 e : Hi. irs bh Be 
wd bis sqsde yot gansiste xg otiqsee bas a 
~~ = + ie <i 
Sloiloyed asotvemA alt to ndttngyned IsunnA geet 
00! Bel N 3e +s 
: 3 aaa yr. 
~ is ” t ’ e € AR plot tre ah H: lots 
) ssizqts wt al neabi tna 
(OY we ; 40 Snot SME Sirsenegjo) aySb Jeyad ie 
. : od as ee a 
: * an s . 4 3 ¢ A. afd Biwde! Dom ’ & .2 t- 
re ail iL ViTorbe -) isiay onl «2 prey ee : 
i | oi} ,tesl ytilidA TadneM nonnsd-2t30 ont 4 ied, 
4 —_ am ° —— 4 eo ” a. 
24 5" p 4 * | A ‘ i 7 'e 7 f a ons ONS - event 92n9 pti fas 
bas [snot siaoubs dose = vitfum to 2sfys2.A syyoT bn6 \ow: 
.) Varta yer TUZE ; | 


WIS3 3 


c 
7 


ha) 


, st edi9e Ager evs tneoo Yo mat 
204 7 tens avin 


aie: ’ 
a ea 


dong, 


aes 


tp Bi. 


a 
a aA Ng 

2 fi ok sal 
i. ay 


lyg 


Restle, F. Serial pattern learning: Higher order transitions. Journal 
of Experimental Psychology, 1973, 99, 61-69. 


Restle, F., & Brown, E. Organization of serial pattern learning. In 


G. H. Bower (Ed.), The psychology of learning and motivation. Vol. 4. 
New York: Academic Press, 1970. 


Rodda, M. Experimental techniques in diagnosing temporal sequencing 
proptems = Sounds "1968 5"2 #3135: 


Royce, J. Factors as theoretical constructs. American Psychologist, 
1303350, 2522-528. 


Rubinstein, L., & Gruenberg, E. M. Intramodal and crossmodal sensory 
transfer of visual and auditory temporal patterns. Perception and 


Psycnophysics, 971, 9, 385-390: 


Rudel, R., & Teuber, H. Cross-modal transfer of shape discrimination by 
children. Neuropsychologia, 1964, 2, 1-8. 


Rudnick, M., Martin, V., & Sterritt, G. M. On the relative difficulty 
of auditory and visual, temporal and spatial, integrative and 
nonintegrative sequential pattern comparisons. Psychonomic Science, 
WES Clio GUNA Wee 


Rudnick, M., Sterritt, G. M., & Flax, M. Auditory and visual rhythm 
perception and reading ability. Child Development, 1967, 38, 581-587. 


Ryan, T. A. Interrelations of the sensory systems in perception. 
Psychological Bulletin, 1940, 37, 659-698. 


Scribner, S., & Cole, M. Cognitive consequences of formal and informal 
eudCa lone oC lences, |G/on 102.0 00S 000. 


Semmes, J., Weinstein, S., Ghent, L., & Teuber, H. L. Performance on 
complex tactual tasks after brain injury in man: Analyses by locus 


of lesion. American Journal of Psychology, 1954, 67, 220-240. 


Sherrington, C. S. Man, on his nature. Cambridge: Cambridge University 
Press, 1951. 


Silverstein, R. A., & Deichmann, J. W. Sense modality research and the 
acquisition of reading skills. Review of Educational Research, 
1975, 45, 149-172. 


Smith, J., & Tunick, J. Cross-modal transfer of a discriminate by 


retarded children. Journal of Experimental Child Psychology, 1969, 
7, 274-281. 


Spearman, C. General intelligence, objectively determined and measured. 


American Journal of Psychology, 1904, 115, 201-293. 


ae 


oiptit <spninisel at 33469 fated of 
Ch-fe .2 .£vei “polor toyed fetnomtysqxd To 


3 r Shan - whe bed < ‘iT by: 
, VIHS i 0 ‘ypol on: aq. “oAT o\ 7 


5 
eo ee 
. .OVel ,easie ofnebs 39h “oY walt 
‘ Sud '@ yor ~F, 
yupse fsnoame? pofzonpstbh nf 2esupratogs inbaoki el aM be 
£E-1E \S GOOF «bauoe sana tdong: ; 
3 7; mea i 
ivomA .etouvsenos Tsattetoad + egrgrotos3 7 Oe 4891 S208 
i RGSS | "888-882 8 8 £001 


gra: 


is Tebomertel 9.4 epysdnseed & rs ented a 
stisq [svoqmos | ¥ rot thus Zu . To) sateen 
Nee -aBE Cb al. 


we 
¥ 


‘ 
¥ 


iy 


' 
gare to sotens 1s Iebom-e20%) aH <r9dv91 8 cof gle ab 4 
Aaf .§ .hdCT -stpoloroy (egorwall Cedi 5 


Tuorttth svftsfoyv ond nO 4M Ai Jthres2 2 ua enisisM M, to te 


bs svitewpsint .fettege bas Ts voqmes. . Teva atv brs rod tbus » 
sansto2 aimenonoy2d .2noetssamao nvesisq [srinoupse ovits pein 


aianamnmeenmamaaeta -OFS-X08 AS "seh 


e Al 8 e My) / 8 Citta? | 7 ee aps 
nomgossyed brid .ytti ide pnibset brs notsqaoveq — 


“2 Yrozne2 ont to 2 snotteferietnl At x 
a-Ccd .YE .Ofe! intial fue {sstaotors | 


i \ ro ri-tweia! 
: Garwtt 


weupsenos svrifapol 4 28fOQ: 88 ae ke 

ee-E2e SST EXE! 1 BONSTIE | snbFaeouba 

. fo savemyotisd .i).H .wedueT 8 ..1 ,Inedd . .2° phase: e ba gimme 

euool yd eseylenA isam ar ywwinl nisi sotte 2veat Tsud tote | 
OBS -OSS ,Vd .f2e! «Ypoforoyet To See fsa iieiA n0ree 0, 

nie sens 

ce 


“gb Tvdms. gwugen 2 no. nt 


a : =< —_s 


oa - ‘ > 


rev may spbiidmso 
- 7 2 } 


———~ 


180 


Spearman, C. The abilities of man. London: Macmillan, 1927. 
Sperling, G. The information available in brief visual presentations. 
Psychological Monographs, 1960, 74 (11, Whole No. 498). 


Spitz, H. H. Consolidating facts into the shcematized learning and 
memory system of educable retardates. InN. R. Ellis (Ed.), 
International review of research in mental retardation. Vol. 6. 
New York: Academic Press, 1973. 


Stanford Achievement Test. New York: Harcourt, Brace & World, 1965. 


Stanley, J. C. K-R 20 as the mean intercorrelation among items. 14th 
Yearbook of the National Council on Measurements Used in Education, 
195715 / 83927 


Stanley, J. C. Quasi-experimentation. School Review, 1965, 73, 197-205. 


Stanley, J. C. A common class of pseudo-experiments. American 
Educational Research Journal, 1966, 3, 79-87. 


Stanley, J. C. Problems in equating groups in mental retardation 
research. Journal of Special Education, 1967, 1, 241-256. 


Sterritt, G. M., Martin, V., & Rudnick, M. Auditory-visual and temporal- 
Spatial integration as determinants of test difficulty. Psychonomic 
Seley US Bos Asean 


Sterritt, G. M., & Rudnick, M. Auditory and visual rhythm perception in 
relation to reading ability in fourth grade boys. Perceptual and 
Motor Skills, 1966, 22, 359-864. 


Stroop, J. R. Studies of interference in serial verbal reactions. 
Journal of Experimental Psychology, 1935, 18, 643-661. 


Tatsuoka, M. M. Discriminant analysis: The study of group differences. 
Champaign, I11.: Institute for Personality and Ability Testing, 1970. 


Tatsuoka, M. M. Multivariate analysis: Techniques for educational and 
psychological research. Toronto: Wiley, 1971. 


Terman, L. M. Intelligence and its measurement: A symposium. Journal 
of Educational Psychology, 1921, 12, 123-147, 195-216. 


Thurstone, L. L. Primary mental abilities. Chicago: University of 
Chicago Press, 1938. 


Tyler, L. E. (Ed.). Intelligence: Some recurring issues. Toronto: 
Van Nostrand-Reinhold, 1969. 


Tyler, L. E. Human abilities. Annual Review of Psychology, 1972, 23, 
177-206. 


W bins ot 30 eotstitds act 59 | 
a ne rs i 4 
I secu Poe d it -3s Ut | rave no rt Bi wTvotnt onT 2 <ent 4 
. ond .fT) O% .008! , atgerpongl m poteobatsie 1. 


; i 7 AS > 
| 6? pafsebi |pano. a 
Yoal .2odebustoy sidaoubs 76 madeye yromem 
sr coveseoy. FO meet, snotisares pl. 
; DFamabsok AOY, wari. 


vo 
a wie Fi aa va JHomsvsit f { ie) Ab ly at . ail 
La -) ; t i} : : 


‘ or \: 5 OS Haw 2 : fF ‘ ‘NO 
6am do [fonuel eles ood 69) 3¥. 


on rv ¢ _o P 7 va ie 
i! desea «ig: earl 
. ehbuseq to 22649 ronnaD A «2 ob veins 
= 4 : z ¥ 
: . ‘aryl dovse2sn 1 [suo tt soub: a 
i i , 7 i = 
r Fiat . a 
i swups mt 2n8raoyrs 
: % ee EP rs 
Pl ..f0 [atosuz. to Tantuou. fot 
ewe <= ~ ~ ———— , ‘ 
: : 7) , wel aa 
‘ ' o Hed LO bs 3 ‘ ¥ e? tT. ‘al é " o 
+ 4 oe . a *- r ~ 
Pe 287 2 ascatinvetsb 26 norms oi if thi 
i ts rec.pes 50 (OT -_~ 35f 
ett > oe €7 4% '. ot ips 
. 
Sve. bea ) be f .e C 
wry bone vIorrbUA e\ oFobuh 
: ‘ot ar YI ‘6 ‘pribsat oF 
if ‘ 3 cc ‘ : eO0Ct vel 
P —_ AG a 
iyo? AT sonaystisiAt to 2g Lyte 
r aS! - ! af feo amr aT 
= ae CCtt «LEM! wide JY e _fsinpaledss Tee 
Ty? 
» Re a 2 SF : ViBAS ofS ryoerd 
: r os ' aint euner eee Sa Ox A 
- : ; S a tuet bt A 
ow Le et 4%} ' j + ) ww i 4 > x a) ' Ss wa Te ae) ¥ hy 


ae J + GIES OD ‘Rt vis ful Ms “Mh 
isl ar she osteo 7 7 lavtoot | oF 
Pica a sad 228% sg 


18] 


Vandenberg, S. G. The nature and nurture of intelligence. In D. C. 
Glass (Ed.), Genetics. New York: Rockefeller University Press, 
1968. 


Vernon, P. E. Intelligence and cultural environment. London: Methuen, 
1969. 


von Wright, J. M. Cross-modal transfer and sensory equivalence: A 
review. Scandinavian Journal of Psychology, 1970, 11, 21-30. 


Walker, H. A., & Birch, H. G. Neurointegrative deficiency in schizo- 
phrenic children. Journal of Nervous and Mental Disease, 1970, 
WSIS ts 04-113. 


Wason, P. C., & Johnson-Laird, P. N. (Eds.). Thinking and reasoning. 
Middlesex, England: Penguin, 1968. 


Watson, J. B. Psychology as the behaviorist views it. Psychological 
REVICWs 61913, 20,8 lo0-177. 


Watson, J. B. Is thinking merely the action of language mechanisms? 
British Journal of Psychology, 1920, 11, 87-104. 


Watson, J. B. Behaviorism. Chicago: University of Chicago Press, 1930. 


Wechsler, D. Intelligence defined and undefined: A relativistic 
eppralSaleeenmernicanersycnologist, 19/5, 30, 135-139. 


Wesman, A. G. Intelligent testing. American Psychologist, 1968, 23, 
267-274. 


Wickens, C. D. Temporal limits of human information processing: A 
developmental study. Psychological Bulletin, 1974, 81, 739-755. 


Wiseman, S. (Ed.). Intelligence and ability. Middlesex, England: 
Penguin, 1967. 


Wohlwill, J. F. Developmental studies of perception. Psychological 
Bulletin, 1960, 57, 249-288. 


Wohlwill, J. F. Effect of correlated visual and tactual feedback on 
auditory pattern learning at different age levels. Journal of 


Experimental Child Psychology, 1971, 11, 213-228. 


Zigler, E. Developmental versus difference theories of mental 
retardation and the problem of motivation. American Journal of 


Mental Deficiency, 1969, 73, 536-556. 


(at ira) 


J .0 ol ,sanephifetat To swiss Ua 6 
 .220n9 ytteveviad vel istosaon pal N .got3 . 


-oxtdo2 nt yonetotteb evivstpsiatowsl § .2.. H doves: fe He 


-Of@! .sessetQ (eingM bas evoviel_ To [sirwol nervbl Feta ane 
| - “EI [-BOT . fe 


eet 


.entagasey bas patiatay .(.eb3) .4 4 periest ‘ey eee 
— Beef -ntwpned “bones pnd sista 


12 

me * 

fsotpolotayes .3F ewaty Jetrotvsred ong ae a otatones a ed hes BN 
| 8 pk. abhi wer is | 


— 


Semetnadane epsupns! to sottos oft yfsvem ont ints 2 al @ ae ‘ sme 
OT-%B -Lf OS2! .ypoforis: tal uol 


O80! . e979 opsofild to ysterevins sopso tid me nehot vied a = 
otsetviisios A rbenftebau bas bantteb gons i tegal PR if 


C€f-2€f OE Vel .s2etpofonsye4 nsatysmA 
ES 8908 detnoladeess naottomA ante insgttistal 0 A. 


= 
a | sage 


A :pnteesoo1g nottsmmetar nemurd to esti [svoqmaT are) <2 


BaY-OET 18 AEF: nttel iva Tsatpoforayed bude" fesnangotsveb~ 
:brsfoen3 ,.xeesfbbiM .xtiftde brs tg sie 2. é ra 921 iW 


ry a2t6h on 
oe) 


“es pont 


| Essigoforoye9 apie oc to aetbute pee a ab TT 
eI Cat -B8S-@AS «XE 002K eff dof Tad 


feutosd Lan fsvety bapelertas to a90783_ PF woe Cth 


<i. s 
: 


oe 

id : 
a ay 
a7 
- ' ‘ou 
_ it) 
4 


- = 
» 2 Vac 
*-* 
My 
> Bw 
el ' 
a 
i | 
Vir 
i = 


. | . 

~ 

e : 
“Re. oe 8 


; ; 
ay. Ea 
Ts fire-* 
§. 
d 
t | 4 
is + : 
~ 1 
; pts 
: 


183 


Schedule for Completion of Study 


. January, 1973-July, 1973 


. December, 1973-March, 1974 


. April, 1974-October, 1974 


. November, 1974-February, 1975 
. March, 1975-April, 1975 
. April, 1975-August, 1975 


Literature review, problem definition 
and formulation of proposal 


Construction of modality matching 
instrument 


Pilot testing of modality matching 
instrument; test revision and 
development of final versions; 
definition of main study sample 
Data collection 

Data analysis 


Report results 


vbut? to nortefamad vot sfubsdoe 


yor sudtevet tl ever ,yfub-ever «yvsunsl .f 
. 7 


+ 
; rar ¥ 
. } —- TOL . daacM ctor F a4 ‘Tt 
to nortouiteiov SVCT .dowM-Ele | <1sdmaos0 : : 
7 7 —— , 
3 uveny; aa 


ai a a a 2 
¥o ontseer solr4 BVO! .redoso0-h(ef TRIGA .€ 
, y oe : a 


e tnonuisent aT - q <i i 
to Jnomaolaveb | ee 
sm to nots trartob ay aoe 
i ter A See! _ : 
— ~— * ” _ —- AS ¥ a 4 
notgootfoo sted  e@Xel .yisuvdet-SVel .ysdmevoli Jf 
j = 3 


2teyfsns 6350 aver .Ftrqh-cXel .naveM ge 


"At 
i 


| 


cu 


Tey .SawpuA-avel . Thy 


oy 


APPENDIX B 


oy 


Sample Item from Raven's Progressive Matrices 
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Guidelines for Administering and Scoring 
the Figure Copying Test! 

The child is asked to make an exact, free-hand copy of ten shapes: 
a circle, a square, a cross, a triangle, a rectangle with intersecting 
diagonals and midlines, a diamond in which length is 1.7 times height, a 
diamond in which height is 1.7 times length, a cylinder and two cuboids 
in different perspectives. No time limit is given. Each drawing is 
scored as 0, 1 or 2 according to the degree of correctness of the 
production. The total score is the sum of the scores for the individual 
drawings with a range from 0 to 20. The scoring criterion is one of 
exactitude of shape and not the absolute size of the drawing. These 


scoring principles apply: 


General principles for all drawings 

1. The drawing must have the correct general shape and look like that 
which it is supposed to be. 

2. The drawing shoula be approximately symmetrical. 

3. Angles should not be rounded. 

4. The drawing should not be rotated 

5. Angles must be approximately opposite each other (except for the 
triangle). 

6. Slight bowing or irregularity of lines is allowed. 

7. Lines should meet approximately, but as long as other criteria 
are met small gaps at junctions are acceptable. 
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. Slight crossing and overlapping of lines is permitted. 


. If two attempts are made in a single drawing score for the worst 


one. 


Provided other criteria are met, neatness is not important. 


Scoring principles specific to each drawing 


ils 


as 


ot 


4. 


Circle 

(a) No diameter of the circle may be as much as 1 1/2 times as 
long as any other. 

(b) The drawing must not be angled. 


(c) Overlapping of curved lines is permitted. 


Square 


(a) The angle must be approximately 90°. 

(b) The drawing must be symmetrical. 

(c) No side may be as much as 1 1/2 times the length of any other 
side. 

Cross 

(a) The drawing must be approximately 90°. 

(b) No side may be as much as 1 1/2 times the length of any other 
Side. 

Triangle 

(a) No side may be as much as 1 1/2 times as long as any other 
side. 


(b) There must be three well-defined angles. 
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5. Rectangle with intersecting diagonals and midlines 


Oisueiak 


(a) The drawing must be rectangular with angles approximately 99°. 

(b) The diagonals must run from one corner to the opposite one. 

(c) The midlines, both horizontal and vertical, must run 
approximately in the middle of the drawing. 

(d) The diagonals and midlines should intersect one another at 


approximately the “midpoint” of the drawing. 


Diamonds 


(a) There must be four well-defined angles. 

(b) The drawing must be more diamond-shaped than square or kite- 
shaped. 

(c) The pairs of angles must be approximately opposite. 

(d) For drawing no. 6, the length of the diamond should be 
approximately from 1 1/2 to 2 times the height. For drawing 


no. 7 this is reversed. 


8. Cylinder 


Dans 


(a) The diameters of the base and the top should be approximately 
equal and these in turn should be approximately the same as 
the height. 


(b) The base and the top lines should be curved. 


Cuboids in different perspectives 


(a) Proper perspective must be preserved as in the specimens. 


(b) Lengths, widths and heights should be approximately equal. 
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_ APPENDIX E 


Serial and Free Recall Tests 


Examples: A. big long great tall 
B. cow day key few 


C. man mad map pan 


key hot cow pen 

wide large big high 
day cow wall bar 
long big fat great 
pen wall book key 
book bar wall hot 
key few hot book 
high fat huge wide 
huge great fat large 
key day cow bar 

wide tall large huge 


bar pen few day 


40 second rest 
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wide long big great 
great high tall long 
few pen hot wall 

day cow bar wall 
tall fat large high 
long big great fat 
few day cow book 
tall long big huge 
key book day hot 
wide huge long large 
UCieeaca ieee cee 1G 


pen few wall cow 
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VISUAL _SHORT—TERM MEMORY TASK 


Example. Read as: 
9 
845 84591 
| 
2 tf 
997 (2) (2%) =) 
| 6 
5 9 
48) (6) fe) = 
6 | 
3 5 
869 (10) 361 
4 9 
8 | 
iGo (14) 358 
&) 9 
| 5 
5t6s3 (18) 9i2-3 


(3) 


(7) 


(11) 


(15) 


(19) 


Example: 


9 
631! 
5 


Read as: 
6eS.1t9-5 

4 
(4) 893 

| 

> 
(8) 398 

4 

2 
(12) 359 

6 

8 
(16) eld 3h 45) 
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6 
(20) 924 
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Modality Matching Tests: Auditory-Auditory, 
Auditory-Visual, Visual-Auditory 201 


ITEM SAME (s)/ 
STIMULUS COMPARISON 
NUMBER DIFFERENT(D) 


EXAMPLES 


, crcl beatae tet 
fos yiotipwA~Tauerv , tale 


\¢ 2) awae 
(a) TwaAzad 


wo2eaaaMod 


202 


ITEM SAME (S) / 
STIMULUS COMPARISON 
NUMBER DIFFERENT(D) 


EXAMPLES 
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Modality Matching Test: Visual-Visual 203 


ITEM SAME (s)/ 
STIMULUS COMPARISON 
NUMBER DIFFERENT (D) 


EXAMPLES 
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ITEM SAME (S) / 
STIMULUS COMPARISON 
NUMBER DIFFERENT(D) 


EXAMPLES 
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Procedures for Construction of Modality Matching Tests 


The construction of the pilot versions of the four modality matching 
tests was completed in two stages. All of the auditory portions of the 


tests were built first, followed by the visual portions. 


Test construction: Auditory 

In the construction of the auditory portions of the tests, the 

following equipment was used: 

1. Heathkit Audio Generator Model 1G-72 

2. Akai reel-to-reel Tape Recorder Model GX 365D 

3. Akai Cassette Tape Recorder Model GXC 38D (with Dolby hiss reduction) 

4, Stoelting Universal Timing Module; Timer Model SA600, Power Unit 
Model SA590. 

The specifications for the auditory portions of the tests were 
adopted from Orn (1970). These specifications are as follows: 
1. Frequency of tones: 1000 cycles per second 
2. Length of tones: 0.15 seconds 
3. Length of short pauses: 0.35 seconds 
4, Length of long pauses: 1.35 seconds. 

An initial consideration in the construction of the auditory 
patterns was the problem of how to operate manually all of the electrical 
equipment noted above to create the stimulus patterns when the tone and 
pause intervals are as short as specified by Orn (1970). This problem 
was alleviated considerably by the use of the knowledge that a 1000 
cycle per second tone can be created by recording a 250 cycle tone at a 
tape speed of 1 7/8 inches per second and then playing the tape at a 


speed of 7 1/2 inches per second. Using this factor, it was possible to 
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quadruple all of the times used in recording through the use of the 
slower tape speed, thus making it feasible, albeit demanding in terms of 
manual co-ordination, to record all of the item patterns consecutively. 
A conversion of Orn's (1970) specifications for a tape speed of 1 7/8 
inches per second results in the following specifications: 

1. Frequency of tones: 250 cycles per second 

2. Length of tones: 0.60 seconds 

3. Length of short pauses: 1.40 seconds 

4. Length of long pauses: 5.40 seconds. 

A further consideration in creating the auditory patterns once the 
time allowances for manually operating the equipment were quadrupled, 
was how to utilize the timer to create an open circuit of 1.40 seconds 
for a short pause in time in an item pattern, and an open circuit of 
5.40 seconds for a long pause in an item pattern. 

This problem was solved through using bank one of the timer for the 
closed circuit timing, and then wiring banks two and three for open 
circuit timing such that the lesser of the two times that were specified 
on these banks would be chosen automatically by the timer for use as the 
open circuit period. Thus, if bank two was set at 1.40 seconds and 
bank three was set at 5.40 seconds, bank two would be chosen. However, 
if bank two was increased by a factor of 10, giving a setting of 14.00 
seconds, as could be accomplished easily by a manual switch on the timer, 
bank three would be chosen by the timer for the open circuit. 

The task of constructing the tapes began by setting the reel-to-reel 
tape recorder at a speed of 1 7/8 inches per second with recording on 


track one only. The audio generator was set for a constant tone of 250 
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cycles per second and the timing module was placed between the recorder 


and the audio generator as a circuit switcher, utilizing the settings: 


Bank one 0.60 seconds 
Bank two 1.40 seconds 
Bank three 5.40 seconds 


For each item in turn the following sequence took place. During 
the 1.40 second interval immediately prior to the point at which the 
first tone of the stimulus portion of the item was to be recorded, the 
volume of the audio generator was turned up to moderate. Unless otherwise 
changed, recording commenced of tones of 0.60 seconds with pauses of 
1.40 seconds. If at some point in the stimulus pattern a long pause was 
specified in the item design, then during the 0.60 seconds of tone 
recording immediately previous to the pause, the timing setting of 
bank two was increased manually by a factor of 10, giving bank two a 
setting of 14.00. The result of this was selection of bank three by the 
timer for an open circuit, giving a pause period of 5.40 seconds following 
the tone. By switching the rating on bank two manually in this fashion, 
pauses of 1.40 seconds and 5.40 seconds were generated according to the 
jtem patterns that had been designed. 

In order to create an interval between the stimulus and comparison 
sections of each item, the audio generator was re-set with a volume of 
zero at the end of the recording of the last tone in the stimulus section 
of the item, and this volume was left off while the timer completed six 
cycles with the circuit closed for 0.60 seconds and open for 1.40 seconds. 
The comparison portion of the item was then commenced by re-setting the 


volume of the audio generator at moderate during the last open circuit 
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period of the six cycles. The same procedure was used following recording 
of the comparison portion of the item in order to create a subject 
response interval on the tapes; the audio generator volume was set to 
zero while 16 cycles of open and closed circuits were completed. 

Using the technique noted above, a continuous recording was made of 
the complete Auditory-auditory matching test item patterns as specified 
in Appendix Hl. The next task was to record a script and directions for 
each item such that it would mesh with the recorded tone patterns. To 
accomplish this a sound-on-sound procedure was used; the reel-to-reel 
recorder was set at a speed of 7 1/2 inches per second, with track one 
set for listening and track two set for recording. The script for 
Auditory-auditory matching as supplied in Appendix H3 was recorded on 
track two of the tape and then, while listening to the tones of each 
jtem in turn, a number designation for the item was recorded, followed 
by the cue word "Ready". After the stimulus tones the word "and" was 
recorded to designate the separation between the stimulus and comparison 
patterns. Using this timing, each item structure was established as 
shown in Figure 7. 

Once the complete Auditory-auditory matching tape was recorded on 
both tracks, these tracks were played simultaneously and the recording was 
switched to a single track on a cassette tape using the Akai portable 
recorder. 

Using the master Auditory-auditory tape, the tapes for Auditory- 
visual, Visual-auditory, and Visual-visual matching were then constructed. 
The scripts for each of these tests as supplied in Appendix H3 were 


recorded on separate tapes and then portions of the Auditory-auditory 
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Figure 7. Structure of modality matching items 
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tape were transferred to new tapes, dependent upon which section of the 
item in a test was to be visual. In recording the Auditory-visual 
matching tape, for example, the Auditory-auditory matching tape was 
recorded with deletion of the comparison section of the items, thus 
creating a timed blank section on the tape during which the visual 
portion of the item could be shown. By this process, the remaining three 
tapes were constructed, thus completing all of the auditory portions of 


the modality matching tests. 


west construction: Visual 

The equipment used in the construction of the visual portions of 

the modality matching instruments is as follows: 

1. Nikon F 35 mm camera with electric motor drive 

2. Large tripod 

3. Kodak High Contrast Copy film and Ortho-Copy film 
4. 32" x 40" sheet of flat white paper 

5. Nine buttons of 11.00 mm diameter. 

Similar to the construction of the auditory portions of the modality 
matching tests, the visual portions of the tests to be constructed used 
dimensions supplied by Orn (1970). These specifications are: 

1. Diameter of dot: 2.5 mm 

2. Length of short gap: 2.9 mm 

3. Length of large gap: 18.0 mm 

Orn's version of the cross-modal matching task was presented on 3" x 5" 
cards. In order to create slides for small group administration of the 


test, a procedure of photographing buttons placed on a large white card 
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was used. Black nonreflective buttons of diameter 11.0 mm were 
selected and then Orn's specifications were scaled by a factor of 
11.0 mm/2.5 mm to give: 

1. Diameter of dot: 11.0 mm 
2. Length of short gap: 8.8 mm 
2y Length of long gap: 79.2 mm. 

To create the slides the buttons were placed in the specified 
patterns on the sheet of paper and photographed from a point directly 
above the paper. All patterns were created using spacers and a horizontal 
guide, both of which were removed before each photograph was taken. The 
film used in the camera was high-contrast copy film. This film in turn 
was printed on Ortho-Copy film sheets, which were dyed a light blue 
color to reduce glare when shown in a slide projector. The sheets were 
then cut and mounted as slides. Additionally, an inexpensive black and 
white film was uniformly and partially exposed to create blank slides 
for exposure in the slide projector during the test administration 
periods when the stimulus or comparison section of an item was not 


displayed. 
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Scripts for Modality Matching Tests 


Auditory-auditory matching 
Hello. Today we are going to listen to some patterns of sounds. 
All of these sounds will be little beeps. We are going to play a game 
with these beeps. We will see if some of them are the same as others, 
and see if some of them are different than others. 
Let's listen carefully to some beeps. 
[Stimulus part of Example 1 is heard. ] 
Now, let's listen to some more beeps. 
[Comparison part of Example 1 is heard. ] 
Did you notice that the last beeps were not the same as the first 
beeps? Let's listen to both of them again. Ready for the first beeps? 
[Stimulus part of Example 1 is heard. ] 
and now the second beeps. 
[Comparison part of Example 1 is heard. ] 
The first beeps were not the same as the second beeps, were they? 
They were different from each other. Let's listen to some beeps that are 
the same as each other. 
Ready? 
[Stimulus part of Example 2 is heard. ] 
and 
[Comparison part of Example 2 is heard. ] 
Those were the same as each other, weren't they? How can we write 
on paper that they were the same as each other? On the paper in front 
of you, the words same and different are written down for each group of 


beeps that we will hear. Let's listen to some more beeps and see how 
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2n5 
we would write the answer. 
Ready? 
[Stimulus part of Example 2 is heard. ] 
and 
[Comparison part of Example 2 is heard. ] 
They were the same, weren't they? If we look at number 1 on the 
page, a circle is drawn around the word same to show that they were 
the same. 
Let's listen to the beeps for number 2. 
Ready? 
[Stimulus part of Example 1 is heard. | 
and 
[Comparison part of Example 1 is heard. J 
Those were different, weren't they? If we look at number 2 on the 
page, a circle is drawn around the word different to show that they were 
different. 
Let's listen to the beeps for number 3. 
Ready? | 
[Stimulus part of Example 3 is heard. | 
and 
[Comparison part of Example 3 is heard. | 
Those beeps were different so a circle has been drawn around the 
word different for number 3. Now, would you like to try some? Use the 
pencil that you have in front of you to circle the right word after you 
have heard the beeps. 


Let's do number 4. 
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Ready? 

[Stimulus part of Example 4 is heard. ] 
and 

[Comparison part of Example 4 is heard. ] 

[Pause for 15 seconds. ] 

Did you circle the word same for number 4? That is the right 
answer. 

Let's try another one. We will do number 5. 

Ready? 

[Stimulus part of Example 5 is heard. ] 
and 

[Comparison part of Example 5 is heard. ] 

[Pause for 15 seconds. ] 

Did you circle the word different for number 5? That is the right 
answer. 

Let's do some more of these. After each group of beeps that you 
hear, circle the right answer on your paper, to show if they were the 
same or if they were different. 

Number 6. 


Ready? 


Auditory-visual matching 


Hello. Today we are going to listen to some patterns of sounds. 
We are also going to look at some pictures. All of the sounds will be 
little beeps. All of the pictures will have dots in them. We are 


going to play a game with these sounds and pictures. We will see if 
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some of the sounds are the same as some of the pictures. We will also 
see if some of the sounds are different than some of the pictures. 

Let's listen carefully to some beeps. 
[Stimulus part of Example 1 is heard. ] 
Now, let's look at the dots in this picture. 
[Comparison part of Example 1 is seen. ] 
Did you notice that the beeps were not the same as the dots in the 
picture? Let's compare them again. Ready for the beeps? 
[Stimulus part of Example 1 is heard. | 
and now the dots. 
[Comparison part of Example 1 is seen. ] 
The beeps were not the same as the dots in the picture, were they? 
They were different from each other. Let's compare some beeps and dots 
that are the same as each other. 
Ready? 
[Stimulus part of Example 2 is heard. ] 
and | 
[Comparison part of Example 2 is seen. | 
Those were the same as each other, weren't they? How can we write 
on paper that they were the same as each other? On the paper in front 
of you, the words same and different are written down for each set of 
beeps and dots that we will compare. Let's compare some more beeps and 
dots and see how we would write down the answer. 
Ready? 
[Stimulus part of Example 2 is heard. ] 


and 


6 [fiw oW .2avutorea oft Yo amoe 26 ome and 916 ebn Oz oth Yo. ad 2 
? 


to omoz none Inoevsttib 915 ebauoz ant to omoz “tt 992 
¥ i cf 5 io | ara" 

.eqsed smoz od yffutewo astett 2 ale 

Fe ‘ >t “2 


——s | > | ~ be SF = + ec rr a) - a 
reed 27 [ sflamaxy To Ivsq 2utumtte} i 


—_ 


. wa ; oa al 4 : i Ps rw a 
rq ett nf etob ond ts Aol e°ssl ,wonk © 


so) SF f adfnmeva- ta tee baa nek T ‘i 
.na32 27 [ afamsxd to S104 Eee eer — 


a 


esob sett 2 ait ton svew 2q99d ont tent bP ton voy (td 
it ToT ybse! .ntsps medd g4sqmoa 2'toJ $9" 


an = o> of of oo ry mis Pountani 15 _ 
.buson 2t [ ofqmexd to J1sq 2ulumis2] P 


SS 


4 - va 7 - st 
< ' ,etob edt won bas 
.me92 2f | slomex3 to t18q nozty5qm02] ws 
2 ° S : ‘ ae , 
_yow .Syyu73 , Shy iT} 2TOL SJ €6 S62 sony son o\Sw eqsed. oat 
( 


bis eqosd smoe sysqmoo 2'tal .vento A5sS mor" tne rt St hb s19W 
q | a 7. 
Telso 1569 26 sm62" ont 94 15 jeid 

a 


be 038 


[.nese et S sfamsxd Yo t16q soetne sashes a 
, ’ . ’ i ; 
STTIW SW MbD woH ‘$ysers i netew , vento Noss 25 oms2. orit ow S20" 


fi 2 ‘ nt ‘seqeg ons 10 t | 


. 


<— 


25 9ms2 9 
a 


sit o1eM Nem ee 


- 


a 7 5 = vs Ld Ry : - A - . = rj fi -— «4 7 : ae ee 
ae, to ase 11989 Yo? awob nastiaw 91s tnsisttib bas 9 ibe eb wf 
oy : I } pie 
1 ea ee ; 
brs 2q990 Som 


7 
a2 


218 


[Comparison part of Example 2 is seen. ] 

They were the same, weren't they? If we look at number 1 on the 
page, a circle is drawn around the word same, to show that they were the 
same. 

Let's listen to the beeps and look at the dots for number 2. 

Ready? 

[Stimulus part of Example 1 is heard. ] 
and 
[Comparison part of Example 1 is seen. ] 

The beeps were different from the dots, weren't they? If we look 
at number 2 on the page, a circle is drawn around the word different to 
show that they were different. 

Let's listen to the beeps and look at the dots for number 3. 

Ready? 

[Stimulus part of Example 3 is heard. ] 
and 
[Comparison part of Example 3 is seen. ] 

The beeps were different from the dots, so a circle has been drawn 
around the word different for number 3. Now, would you like to try 
some? Use the pencil that you have in front of you to circle the right 
word after you have heard the beeps and seen the dots. 

Let's do number 4 now. 

Ready? 

[Stimulus part of Example 4 is heard. ] 
and 


[Comparison part of Example 4 is seen. ] 
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[Pause for 15 seconds. ] 

Did you circle the word same for number 4? That is the right 
answer. 

Let's try another one. We will do number 5. 

Ready? 

[Stimulus part of Example 5 is heard. ] 
and 

[Comparison part of Example 5 is seen. | 

[Pause for 15 seconds. ] 

Did you circle the word different for number 5? That is the right 
answer. 

Let's do some more of these. After you hear the beeps and see the 
dots, circle the right answer on your page to show if they were the 
same or if they were different. 

Number 6. 


Ready? 


Visual-auditory matching 


Hello. Today we are going to look at some pictures. We are also 
going to listen to some patterns of sounds. All of the pictures will 
have dots in them. All of the sounds will be little beeps. We are 
going to play a game with these pictures and sounds. We will see if 
some of the pictures are the same as some of the sounds. We will also 
see if some of the pictures are different from some of the sounds. 


Let's look carefully at the dots in this picture. 
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[Stimulus part of Example 1 is seen. | 
Now let's listen to some beeps. 
[Comparison part of Example 1 is heard. | 
Did you notice that the dots in the picture were not the same as 
the beeps? Let's compare them again. Ready for the dots? 
[Stimulus part of Example 1 is seen. ] 
and now the beeps. 
[Comparison part of Example 1 is heard. ] 
The dots in the picture were not the same as the beeps, were they? 
They were different from each other. Let's compare some dots and beeps 
that are the same as each other. 
Ready? 
[Stimulus part of Example 2 is seen. ] 
and 
[Comparison part of Example 2 is heard. | 
Those were the same as each other, weren't they? How can we write 
on paper that they were the same as each other? On the paper in front 
of you the words same and different are written down for each set of 
dots and beeps that we will compare. Let's compare some more dots and 
beeps and see how we would write down the answer. 
Ready? 
[Stimulus part.of Example 2 is seen. | 
and 
[Comparison part of Example 2 is heard. ] 
They were the same, weren't they? If we look at number 1 on the 


page, a circle is drawn around the word same, to show that they were the 
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same. 

Let's look at the dots and listen to the beeps for number 2. 

Ready? 

[Stimulus part of Example 1 is seen. ] 
and 
[Comparison part of Example 1 is heard. ] 

The dots were different from the beeps, weren't they? If we look 
at number 2 on the page, a circle is drawn around the word different to 
show that they were different. 

Let's look at the dots and listen to the beeps for number 3. 

Ready? 

[Stimulus part of Example 3 is seen. ] 
and 
[Comparison part of Example 3 is heard. ] 

The dots were different from the beeps, so a circle has been drawn 
around the word different for number 3. Now, would you like to try 
some? Use the pencil you have in front of you to circle the right word 
after you have seen the dots and heard the beeps. 

Let's do number 4. 

Ready? 

[Stimulus part of Example 4 is seen. ] 
and | 
[Comparison part of Example 4 is heard. | 
[Pause for 15 seconds. ] 
Did you circle the word same for number 4? That is the right 


answer. 
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Let's try another one. We will do number 5. 

Ready? 

[Stimulus part of Example 5 is seen. | 
and 

[Comparison part of Example 5 is heard. ] 

[Pause for 15 seconds. ] | 

Did you circle the word different for number 5? That is the right 
answer. 

Let's do some more of these. After you see the dots and hear the 
beeps, circle the right answer on your page to show if they were the 
same or if they were different. 

Number 6. 


Ready? 


Visual-visual matching 


Hello. Today we are going to look at some pictures. All of these 
pictures will have little dots in them. We are going to play a game 
with these pictures. We will see if some of them are the same as others 
and see if some of them are different than others. 

Let's look carefully at this picture. 

[Stimulus part of Example 1 is seen. | 
Now, let's look at this picture. 
[Comparison part of Example 1 is seen. ] 
Did you notice that the first picture was not the same as the last 


picture? Let's look at both of them again. 
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Ready for the first picture? 

[Stimulus part of Example 1 is seen. ] 

And now, the second picture. 

[Comparison part of Example 1 is seen. ] 

The first picture was not the same as the second picture, was it? 
They were different from each other. Let's look at some pictures that 
are the same as each other. 

Ready? 

[Stimulus part of Example 2 is seen. ] 
and 
[Comparison part of Example 2 is seen. | 

Those were the same as each other, weren't they? How can we write 
on paper that they were the same as each other? On the paper in front 
‘of you, the words same and different are written down for each pair of 
pictures that you will see. Let's look at some more pictures and see 
how we would write the answer. | 

Ready? 

[Stimulus part of Example 2 is seen. | 
and 
[Comparison part of Example 2 is seen. ] 

They were the same, weren't they? If we look at number 1 on the 
page, a circle is drawn around the word same to show that they were the 
same. Let's look at the pictures for number 2. 

Ready? 

[Stimulus part of Example 1 is seen. ] 
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[Comparison part of Example 1 is seen. ] 

Those were different, weren't they? If we look at number 2 on the 
page, a circle is drawn around the word different to show that they were 
different. Let's look at the pictures for number 3. 

Ready? 

[Stimulus part of Example 3 is seen. ] 
and 
[Comparison part of Example 3 is seen. | 

Those pictures were different, so a circle has been drawn around 
the word different for number 3. Now, would you like to try some? Use 
the pencil that you have in front of you to circle the right word after 
you have seen the pictures. 

Let's do number 4. 

Ready? 

[Stimulus part of Example 4 is seen. ] 
and 

[Comparison part of Example 4 is seen. | 

[Pause for 15 seconds. ] 

Did you circle the word same for number 4? That is the right 
answer. 

Let's try another one. We will do number 5. 

Ready? 

[Stimulus part of Example 5 is seen. ] 
and 
[Comparison part of Example 5 is seen. ] 


[Pause for 15 seconds. ] 
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Did you circle the word different for number 5? That is the right 
answer. Let's do some more of these. After each pair of pictures that 
you see, circle the right answer on your page to show if they were the 
same or if they were different. 
Number 6. 


Ready? 
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Item Difficulties for Pilot Administration of Modality Matching Tests: 
Low IQ (P_), High IQ (Py) and Pooled Groups (PT) 
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